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Severe infections with Candida albicans (Monilia albicans) have become 
more common in recent years. This has been ascribed to the increased 
use of antibiotics and cortisone (SELIGMAN 1953, FALKMER & WISING 
1955, and others). It appears that, only the bronchopulmonary type 
of the disease has been described roentgenographically and although 
gross esophageal lesions have been observed endoscopically and at 
autopsy, no description of their roentgenographic appearances is on 
record. We have, however, found that with a suitable technique such 
changes are readily demonstrable. Two examples are described below. 

Infection with Candida occurred in two adults with a chronic illness 
of obscure origin. Features in common were: a long history of leukopenia, 
splenomegaly, severe recurrent infections, long treatment with antibiotics, 
and short courses of medication with cortisone and ACTH. In both cases 
roentgen examination had been indicated by the occurrence of oral 
thrush with difficulty in swallowing. In one of the cases the patient 
made a complete recovery from the fungal disease. In the other the 
issue was fatal; post-mortem examination revealed widespread fungal 
lesions (Candida albicans) in the lungs, liver, ribs, and esophagus, the 
cause of death being monilial sepsis. 


Esophageal lesions. The roentgen appearances of the esophagus, 
which varied with the clinical course, were essentially those of extensive 
mural changes. In the case in which the patient survived, no signs of 
esophageal changes had been found at roentgenography prior to sple- 
nectomy, to which the patient had been subjected six months before 
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Fig. 1. Non-fatal case. a) Before onset of | Fig. 2. Fatal case. a) 10 weeks, b) 2 weeks, 


esophageal symptoms. Normal mucosal before death from moniliasis. Progressive 
pattern. b) During period of thrush with deterioration of mucosal pattern. 
dysphegia. Markedly ragged esophageal 

outline. 


the onset of dysphagia (Fig. 1a). On later examination because of 
dysphagia, the cervical portion of the esophagus and the hypopharynx 
remained normal in appearance, but the entire thoracic portion was 
changed; the outline was irregular and ragged and made up of numerous 
small indentations and protrusions. The longitudinal folds were, how- 
ever, still discernible, and the lumen became distended on the passage 
of a large bolus (Fig. 1b). Subsequent clinical improvement was ac- 
companied by a corresponding recovery of the mucosal pattern. In the 
fatal case the esophagus was not examined roentgenographically until 
towards the termination. The changes were of the same type as in the 
other case, though more prominent, and involved the entire esophagus. 
Only in the cervical portion were any longitudinal folds demonstrable. 
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The thoracic portion was extremely irregular and the lower two thirds 
appeared to be narrow (Fig. 2a). The distensibility of the esophagus 
could not be assessed because deglutition was too painful to permit the 
atient to swallow more than a small bolus: some of the boluses passed 
partly into the larynx and trachea. As the condition advanced the roent- 
genographic changes became still more prominent (Fig. 2 b). At autopsy 
(JUHLIN) the entire esophageal wall was found to be thickened and its 
inner surface lined with a friable yellow-whitish layer, with ulceration 
in the lower two thirds of the esophageal mucosa; culture of this layer 
gave a growth of Candida albicans. 


Discussion 


There seems to be no doubt that in these cases the lesions were due 
to the growth of Candida albicans in the esophageal wall. Judging from 
the literature, in cases of fatal moniliasis such lesions can be demon- 
strated fairly often at autopsy (Epps 1938, LupLam & HENDERSON 
1942, LepERER & Topp 1949). Nevertheless their roentgenographic 
manifestations appear to have passed unnoticed. Moreover, some cases 
of moniliasis are on record in which no mucosal changes could be demon- 
strated on roentgen examination of the esophagus, although gross 
esophageal lesions were observed at autopsy or endoscopy (AUGUSTE 
1952, STENDERUP et coll. 1956). This is remarkable, since one might a 
priori expect the growth of Candida and the occurrence of ulceration in 
the esophageal wall in local moniliasis to produce roentgenographically 
demonstrable changes in the outline of the esophageal lumen. In fact, 
there is often a noteworthy dryness of the mucous membranes in monili- 
asis (Woops et coll. 1951, and others), which may favour the adhesion 
of contrast medium and thereby facilitate the demonstration of lesions. 


As contrast medium we used a thick homogenous paste consisting of 5 parts of 
barium sulphate (Unibaryt, Réum & Haas) and 1 part of water. The films were taken 
at a film-focus distance of 1.5 meters with a moving grid. 


The interference with swallowing observed in one of the cases might 
have been caused by muscular incoordination due to local pharyngeal 
changes or by pain in association with deglutition. Such interference is 
fairly common in children with thrush (WoLrFrF et coll. 1955) and has been 
held responsible for the frequent development of bacterial bronchopneu- 
monia in moniliasis. The disturbance is not constant and may be demon- 
strable during the passage of one bolus but not of another during one and 
the same examination. 

With the increasing frequency of severe moniliasis and with the 
application of new therapeutics (WoLFF et coll. 1955, StENDERUP et 
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coll. 1956), the diagnosis of the disease is becoming increasingly important, 
In the absence of oral and cutaneous lesions, moniliasis, even when severe, 
often remains unrecognized during life (WoLFF et coll. 1955). In such 
cases roentgen examination of the esophagus may give the first clue to 
the correct diagnosis. 


SUMMARY 


The hitherto unknown roentgenographic appearances of esophageal moniliasis are 
described. The increasing importance of the diagnosis of the condition is stressed. 


ZUSAMMENFASSUNG 


Das bisher unbekannte Aussehen der Moniliasis oesophagei wird beschrieben. Die 
zunehmende Bedeutung der Diagnostik dieses Zustandes wird hervorgehoben. 


RESUME 


Les auteurs décrivent les aspects radiographiques, jusqu’ici inconnus, de la moniliase 
oesophagienne et soulignent limportance croissante du diagnostic de cette affection. 
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GENERALIZED OSTEOSCLEROSIS IN URTICARIA 
vv 
PIGMENTOSA. THE RADIOLOGIC ASPECT 
by 
S. Schorr, F. Sagher and E. Liban 


Urticaria pigmentosa manifests itself as a dermatosis characterized 
by discrete brown pigmented macules or papules in the skin, or more 
rarely, by prominent nodules. A characteristic feature is the urtication 
which appears following rubbing of the lesions. The lesions are charac- 
terized by an accumulation of mast cells in the upper and middle dermis. 
The mast cells may vary considerably in number and are often so densely 
arranged as to suggest tumor formation. 

Changes in the bone structure in a patient suffering from urticaria 
pigmentosa were observed roentgenologically for the first time in 1952. 
It was then suggested that the bone changes might be due to the same 
process as the cutaneous lesions. Urticaria pigmentosa might sometimes 
constitute a systemic disease involving the skeleton as well as the skin 
and not be a pure dermatosis. 
| Two cases of urticaria pigmentosa with progressive bone changes, 
the course of which was watched over periods of five and two years, 
: respectively, are reported and discussed. The second case confirmed 
the assumption that the skeletal lesions, like those of the skin, are due 
to tissue mast cell accumulations. 


Case reports 


Case 1. A man, aged 53, was admitted on 17 September 1950 to the Dermatol- 
ogic Department. According to the patient, the skin eruption had appeared suddenly 
four years previously. 
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Fig. 1. Case 1. Skull, marked demineralization with small islets of condensation 
throughout. 


Physical examination: A diffuse eruption was found involving the lower trunk, the 
distal parts of the upper extremities, and the whole of the lower extremities. The numerous 
lesions were discrete, mostly macular, but with some papular elements. They were round 
or oval and of uniform size, 3 to 5 mm in diameter. Their color was brownish-red, not 
fading on pressure. On stroking, distinct urtication occurred in the lesions, while the 
normal skin showed only redness without whealing. Slight kyphosis. Over the apical 
and pulmonary areas of the heart, the second sound was accentuated. The liver was 
tender and palpable, extending three-fingers breadth below the costal margin. Spleen 
and lymph nodes not palpable. Normal blood pressure and laboratory findings ex- 
cept for an elevation of the BMR to + 44 per cent. Almost complete achlorhydria and 
very low value of total acid. The sternal bone marrow revealed no pathologic changes 
and mast cells were not found in smears stained with toluidine blue. Three skin 
biopsies from different regions showed a moderate, evenly distributed, cellular infiltra- 
tion throughout the whole of the upper and middle parts of the cutis, especially marked 
around blood vessels. The cells had dark hyperchromatic nuclei and the cytoplasm con- 
tained variable amounts of fine granules. These granules were reddish with polychrome 
methylene blue stain and purplish with toluidine blue. Blood: RBC 5,100,000; Hgb. 
85°; WBC 13,200; granulocytes 68 °,,; band forms 3 °,; lymphocytes 24 °,; eosinophiles 
1 °,; monocytes 4 °,; thrombocytes 183,000; bleeding time 3.5; coagulation time 5.5; 
Phosphor 3.3 mg °,; alkaline phosphatase 6.5 Bodansky units. The urea, urie acid, 
natrium chloride, glucose, caleium, cholesterol, total protein, albumin, and globulin, 
within normal values. Liver function tests were negative. Bence-Jones: negative. 

Roentgen examination. Chest: Cystic osteoporosis of the ribs with a thickening of the 
bony trabeculae was found. The heart, especially the right side, the pulmonary artery 
and its main branches were enlarged. Emphysema of lungs was present. Pelvis and lumbar 
vertebrae: mild sclerosis with coarse and thickened trabeculae evident throughout. 
Skull: Stippling of the bone structure was present with thickened skull tables; the inner 
and outer tables were homegeneously dense and distinctly outlined. Humerus, radius 
and ulna on each side: normal. 

The patient has been followed over a period of five years. There has been practically 
no change during this time in the appearance of the skin eruption. Two years ago, he 
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Fig. 2. Case 2. Pelvis, slight osteosclerosis. 


suffered from congestive heart failure, but since then has been compensated under digitalis 
therapy. (The blood count on 10 August 1955 was within normal limits.) 

Roentgen examination 5 years later: An advance in the sclerotic changes in the pelvis 
and lumbar vertebrae was evident and there was marked demineralization with small 
islets of condensation dispersed throughout the skull (Fig. 1). 

Case 2. A female, aged 55, had had a skin eruption for five years, which was 
diagnosed as urticaria pigmentosa. Examination in July 1953 revealed an eruption 
involving the face, sealp, trunk, and extremities. There were numerous brownish-red 
diserete lesions, macular or papular, round or oval and varying in diameter between 2 
and 10 mm. On the forehead and in the inner parts of the thighs, the lesions were denser 
than in the other parts. On stroking the skin, distinct urtication occurred, enlarging the 
original lesions 2 to 3 times in size. The normal intervening skin showed only redness 
with no urtication following irritation. The rest of the physical examination revealed no 
abnormalities. The liver, spleen and lymph nodes were not palpable. 

Laboratory examination: Blood count: RBC 3,900,000; Hgb. 80 °%,; WBC 6,000; 
lymphocytes 54 granulocytes 27 °,; monocytes 17 eosinophiles 2°,. Blood count 
2 mounths later: RBC 3,400; Hgb. 68 ®,,. 10.8 gr.; WBC 7,250; granulocytes 52 °&,; lympho- 
cytes 33 °,: monocytes 12 °,; eosinophiles 1 °,: band forms 2 °,. Blood chemistry: 
Alkaline phosphatase 5.8 Bodansky Units; phosphorus 3.1 mg. °,; calcium 10.7 mg. %%. 
The Wasserman and Kahn reactions were negative. 

Two skin biopsies from different regions revealed accumulations of mast cells in 
the upper and mid-dermis, characteristic of urticaria pigmentosa. 


Roentgen examination July 1953: There were sclerosed trabeculae all along the course 
of the ribs with tiny demineralized areas scattered between them. Thickened trabeculae 
with tiny interspaces throughout the vertebral bodies, pelvis and neck. No collapse of 
the vertebral bodies; slight scoliosis of both femurs (Fig. 2). Numerous tiny islets of 
increased density were dispersed throughout the whole skull and involving the diploe. 
The margins of the inner and outer tables were very distinct (Fig. 3). The trabeculae of 
the spongiosa of the bones of the extremities were thickened and indistinct. The cortex 
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Fig. 3. Case 2. Skull. Top: Numerous tiny islets of increased density throughout. 

Margins of inner and outer tables well defined. Below: 20 months later. The multiple 

islets of increased density, visible previously, no longer seen. Outer and inner tables and 
diploic spaces form one continuous sclerotic density. 


was of normal outline. The bony pattern of the distal parts of the radius, ulna, carpals, 
metacarpals and phalanges was normal. 

In June 1955 the patient’s general condition began to deteriorate. She became 
cachectic, her weight falling to 45 kg. The skin eruption had progressed further and, in 
addition to the typical lesions of urticaria pigmentosa bluish-white infiltrations about 
1 cm in diameter and an erythematous net, mainly on the chest and back, were found. 
The liver edge was hard and extended 6 to 8 cm, and the spleen was palpable, 2 cm below 
the costal margin. The axillary and inguinal lymph nodes were enlarged. The sedimenta- 
tion rate was 45/106. Blood count: RBC 3,700,000; WBC 73,400; granulocytes 8 °,; 
band forms 14 °%,; lymphocytes 11 °%,; eosinophiles 1 °%,; monocytes 50 %,; atypical round 
monocytic cells 16 ©. Urea, urie acid, sodium chloride, glucose, cholesterol, total protein, 
albumin, globulin and liver function tests were all within normal values. 
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Fig. 4. Case 2. Right chest; marked thickening of trabeculae of ribs. 


The biopsy of the large bluish-white skin infiltrations and of an axillary lymph 
node confirmed the diagnosis of monocytic leukemia, suggested by the blood count. 


Roentgen examination March 1955: Increased thickening of the trabeculae of all ribs 
(Fig. 4) and very marked sclerosis of the whole bony structure of the vertebrae and pelvis 
were present (Fig. 5). The multiple islets of increased density in the skull visible so dis- 
tinctly two years previously, were not seen. The outer and inner tables, and the diploic 
spaces formed one continuous undifferentiated sclerotic density (Fig. 3). The sclerotic pro- 
cess in the humerus, radius, ulna, and femurs had advanced markedly in comparison with 
the previous examinations. The inner part of the cortex merged in some areas into the 
sclerosed medullary cavity, so that there was no clear distinction between the cortex 
and spongiosa. There was marked thickening and coarse trabeculations of the distal 
parts of the radius, ulna, carpal and metacarpal bones (Fig. 6) where no changes were 
present in the previous examination. 

Because of further rapid deterioration, the patient was admitted to hospital on 
18 July 1955. The temperature was 39° C. The liver, spleen and lymph glands were mark- 
edly enlarged. The WBC rose progressively to 248,000 with 78 °,, monocytes. The cephalin 
flocculation test was positive, thymol turbidity 5.9 units; Weltmann 8 and the Takata- 
Ara test positive. 

Cortisone therapy combined with mustard nitrogen was given without effect. The 
patient died on 25 July. 


Autopsy findings (abbreviated — to be reported in full elsewhere): The external 
appearance of the bones was not altered. The cranial vault measured 6 to 8 mm in 
thickness. The diploe was in most places completely eburnated and fused with both tables, 
while in other places it was transformed into a dense network of thickened trabeculae 
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Fig. 5. Case 2. Marked bone sclerosis. 


Fig. 6. Case 2. Thickened trabeculae of distal parts of radius, ulna, carpal and 
metacarpal bones (not seen 19 months previously). 
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Fig. 7. Case 2. Top: Cranial vault (after maceration, x 3.5). Diploe almost completely 

eburnated and fused with external table. Internal table in this region sharply defined. 

Below: Marrow space of cranial vault, filled by tissue mast cells lying in a delicate fibrous 
network. (Toluidine blue, x 370). 


(Fig. 7). In the ribs the cortical portions appeared in many places irregularly thickened, 
in other regions very thin, and the marrow cavity was obliterated by sclerosed cancellous 
bone. In the lumbar vertebrae the corticalis was extremely thin and the spongiosa built 
up of thickened trabeculae, which were increased in number and densely arranged (Fig. 8). 
In the right femur the marrow cavity contained fibrous tissue of leathery consistency 
without any bone trabeculae. Histologically the bones showed dense accumulations of 
mast cells in almost all marrow spaces of the skull (Fig. 7) and in many marrow spaces 
of the other bones examined. Many mast cells were also present in the areas of monocytic 
infiltrations in the marrow spaces of the bones. In addition to the mast cell aggregates 
and monocytic infiltrations, marked myelofibrosis and osteosclerosis was present. The 
newly formed trabeculae consisted mostly of a thin core of old bone and apposited layers 
of new immature fibrillary bone, which in some areas particularly in the skull was almost 
completely replaced by lamellar bone. 

The examination of the urticaria pigmentosa lesions of the skin revealed dense 
monocytic infiltrations with a mixture of mast cells varying in amount from 10 to 40 %; 
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Fig. 8. Case 2. Top: Lumbar vertebra (after maceration, x 3.5): Spongiosa built up 

of thickened trabeculae, densely arranged. Below: Lumbar vertebra: Diploe built up of 

trabeculare, consisting mostly of a thin core of old, and apposited layers of new im- 

mature fibrillary bone. Fibrosis and cell infiltrations in marrow spaces. (Hematoxylin 
and eosin, x 43.) 
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the bluish-white infiltrates and the net-like erythema consisted of monocytic infiltrations 
with a mixture of few mast cells only. Most of the internal organs revealed severe mono- 
cytic infiltrations. 

Patho-anatomic diagnosis: Urticaria pigmentosa with mast cell accumulations in 
skin and bones. Osteosclerosis and myelosclerosis of bones. Monocytic leukemia involving 
all groups of lymph nodes, both tonsils, spleen, liver, kidneys, pancreas, skin and bone 
marrow. Bronchopneumonia with commencing suppuration and serofibrinous pleurisy, 
right lung. Edema of lungs. 


Discussion 


Following the report of the first case of urticaria pigmentosa with 
generalized skeletal changes demonstrated roentgenographically two 
similar cases have been described by others. BLUEFARB and SALK present- 
ed a case of a man, aged 30, with urticaria pigmentosa, gastrointestinal 
symptoms, splenomegaly and bone lesions. These latter consisted of 
generalized, somewhat cystic, osteoporosis of the ribs, some coarsening 
of the trabeculae, and stippling more pronounced in the medial parts of 
the clavicles, and similar changes in the thoracic and lumbar vertebrae. 
Mottled osteosclerosis was also found in the pelvic bones and upper 
ends of the femurs. The finely mottled osteosclerosis was compatible 
with osteoblastic metastases or myelofibrosis. Biopsy of the bones was 
not performed. REILLY et coll. described a case of a 34-year-old man 
with urticaria pigmentosa and severe gastroenteritis. Hepatospheno- 
megaly as well as moderate anemia and granulocytopenia were present. 
A roentgenologic bone survey showed areas of osteoporosis with “‘pagetoid’ 
thickening of bony trabeculae in the skull, pelvis, ribs and humeri. 
These changes persisted during eight months of observation. Sternal 
marrow and rib marrow aspirates disclosed aggregates of mast cells. 
Needle biopsy of the liver demonstrated mast cell proliferation in associ- 
ation with periportal fibrosis. 

Other authors (CLYMAN and Retry, CALNAN, AsBorE-HANSEN, DeEGos, 
GRUPPER, KIERLAND) have reported cases of urticaria pigmentosa in 
which only localized bone lesions of various types were found on roentgen 
examination. Such findings are entirely different from the generalized 
skeletal changes we have described. However, it is hard to dismiss the 
occurrence of localized bone changes in the reported cases as pure coin- 
cidence without further investigation. In the 8 adults and 7 children 
with urticaria pigmentosa whom we have examined, there was no case 
with localized bone lesions, although generalized osteosclerotic lesions 
were found in the two cases we now report. 

In our cases, skeletal involvement had been present for many years 
without symptoms referable to the bones. In Case 1, the bone lesions 
were discovered incidentally on routine examination of the chest. In 
Case 2 the bone changes were found during a routine skeletal survey, 
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a procedure instituted for all cases of urticaria pigmentosa following 
discovery of bone lesions in the first case. Even on repeated questioning 
of both patients no symptoms referable to the bones could be elicited. 

The skeletal changes in both cases were dynamic in character, [py 
the five year follow-up of Case 1, and the two year follow-up in Case 2. 
there was marked increase in the degree of osteosclerosis. In some 1 regions, 
the sclerotic islets gradually merged to present a diffuse homogeneous 
sclerotic appearance. 

The roentgenographic bony changes in urticaria pigmentosa are not 
characteristic in themselves. They may closely simulate those seen in 
osteosclerosis due to various blood disorders such as leukemia, non- 
leukemic myelosis, and osteosclerotic anemia. Since the changes in 
urticaria pigmentosa are predominantly sclerotic in character, they 
must be differentiated frcm Paget's disease. The lesions in the latter 
condition differ in that wide cyst-like areas of rarefaction are separated 
by irregular areas of condensation. In urticaria pigmentosa the areas of 
rarefaction and osteosclerosis are intermingled. The trabeculae are 
coarser than normal, fragmented but not distorted, and there are no 
wide cyst-like formations. In Paget’s disease the long bones may show 
deformation or bowing and the cortex marked thickening and longitudinal 
fibrillation. In urticaria pigmentosa, however, no deformity of the bony 
contour has been observed. In common with Paget’s disease were the 
circumscribed islets of increased density seen in the skull of Case 2, 
although the vault was not thickened and the outlines of the trabeculae 
were not blurred. In all four cases of urticaria pigmentosa with generalized 
bony changes the ribs have been involved (in both of our cases and in 
those of BLUEFARB and Sak, and of REILLy et coll). In Paget's disease 
the ribs are rarely involved. 

The autopsy in Case 2 revealed disseminated aggregates of mast cells 
in the bone marrow, myelofibrosis, osteosclerosis, and monocytic leuke- 
mia. These findings supported the original assumption that the skin 
and the bone leesions in urticaria pigmentosa are of a common nature, 
both being causd by tissue mast cell infiltrations. 

The bone is not the only extracutaneous tissue involvement in urti- 
caria pigmentosa. ELLIs reported a case of a one-year-old child which 
came to autopsy. Extensive proliferation of mast cells in practically 
all the reticuloendothelial system was found. There were no pathologic 
findings on roentgen examination of the bones. BERTELLOTTI and others 
consider urticaria pigmentosa to be a generalized blood disease. Tov- 
RAINE and others have observed cases of urticaria pigmentosa with a 
pseudoleukemic blood picture. Concomitant urticaria pigmentosi and 
leukemia were reported by BALsr in an 8 year-old-boy with ‘leucemia 
acuta ematocitoblastica’, the white cell count being 47,000; he did not 
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assume any connection between the two conditions. Another case of 
urticaria pigmentosa and leukemia was seen by HERMANs. 

Since osteomyelosclerosis may occur in various blood disorders and 
particularly in monocytic leukemia (WINDHOLZ and Foster), the deter- 
mination of the pathogenesis leading to myelo-osterosclerosis in Case 2 
presented some difficulties. The osteomyelosclerosis might have been a 
reactive response to the presence of mast cells and the monocytic leuke- 
mia related to the progressive myelosclerosis. 


SUMMARY 


Two cases of generalized osteosclerosis with urticaria pigmentosa, found roent- 
genographically and followed over a period of years are described. Post-mortem examina- 
tion of one of these showed widespread myelofibrosis, mvelosclerosis, and terminal mono- 
eytic leukemia. Large areas of the inter-trabecular spaces were filled by mast cell aggregates 
alternating with fibrosis. These findings appear to indicate that both the cutaneous and 
the bone lesions in urticaria pigmentosa are caused by tissue mast cells. 


ZUSAMMENFASSUNG 

Zwei Fille von generalisierter Osteosklerose mit Urtikaria pigmentosa werden 
beschrieben; sie sind réntgenologisch entdeckt und eine Reihe von Jahren gefolgt worden. 
Die Sektion des einen Falles zeigte ausgedehnte Myelofibrose, Myelosklerose und eine 
terminale monozytire Leukiimie. Ausgedehnte Gebiete der intertrabekuliren Riaume 
waren abwechselnd von Mastzellenhaufen und Fibrose ausgefiillt. Diese Befunde scheinen 
anzuzeigen, dass sowohl die kutanen als auch die knéchernen Veranderungen bei der 
Urtikaria pigmentosa von Mastzellen des Gewebes hervorgerufen werden. 


RESUME 


Présentation de deux cas dostéosclérose généralisée avec urticaire pigmentaire, 
découverts radiologiquement et suivis pendant plusieurs années. L’autopsie d'un de ces 
cas a montré une myélofibrose étendue, une myélosclérose et une leucémie monocytaire 
terminale. De larges aires d’espaces intertrabéculaires étaient remplies d’agrégats de 
mastzellen alternant avec de la fibrose. Ces signes paraissent indiquer que les lésions 
cutanées ainsi que les lésions osseuses de l'urticaire pigmentaire sont causées par les 
mastzellen des tissus. 
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FROM THE DEPARTMENTS OF PATHOLOGY, ROENTGENDIAGNOSIS, OBSTETRICS AND 
GYNECOLOGY, UNIVERSITY OF LUND, SWEDEN 


PERJODAL H VISCOUS, A WATER-SOLUBLE 
CONTRAST MEDIUM CONTAINING DEXTRAN 


by 


Frank Bergman, Olof Norman and 
Sven Sjostedt 


Several substances have been tried for thickening water-soluble 
contrast media for hysterosalpingography. The most widely used agents 
for increasing viscosity viz. oil, polyvinyl alcohol, and carboxymethyl 
cellulose, are, however, far from ideal. Oil and carboxymethyl cellulose 
often cause foreign body granulomas, and polyvinyl alcohol is likely to 
produce irritation (BERGMAN et coll. 1955). BACKMAN & FRIBERG (1953) 
suggested that dextran (GRONVALL & INGELMAN 1944, 1945), the clinical 
trial of which had shown to be of low toxicity, might be useful for 
thickening contrast media in hysterography. The suggestion was adopted 
in 1952 and dextran was added to Perjodal (Pharmacia, Uppsala, Sweden), 
the product being called Perjodal H ‘viskés’, on the Swedish market. 
Perjodal is a diodized pyridon, chemically identical with Per-abrodil, 
Umbradil, and Diodrast. 

Perjodal H viscous consists of Perjodal 35 °, and about 30 °% dextran. 
The molecular weight of the dextran used in the present investigation 
is somewhat lower than that of the dextran generally used for infusion. 
One of the reasons why we chose dextran of lower molecular weight was 
that in bronchography the risk of a granuloma caused by foreign body 
reaction decreases with the molecular weight of the colloid added (By6rkK 
& Lopin 1955). The viscosity of Perjodal H viscous is about 200 centi- 
stokes. At the 7th International Congress of Radiology in Copenhagen 
1953, BACKMAN & FRIBERG gave a preliminary report of their experience, 
as well as our own, with this contrast medium up to that time. In their 


Based on a paper read before the Northern Association of Medical Radiology 11 
June 1955; submitted for publication 18 April 1956, 
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investigation of the value of hysterosalpingography in the diagnosis of 
female genital tuberculosis, YLINEN & JOHANSON (1955) stated that 
Perjodal H viscous had proved the best contrast medium used: “Its 
density was ideal; it adhered well to the mucous membrane and generally 
it did not irritate at all’. In a clinical investigation of the frequency 
of complications following hysterosalpingography with Perjodal H viscous, 
JOHNSSON (1956) reported signs of salpingitis after only one out of 335 
examinations. Since the report presented in Copenhagen, Perjodal H 
viscous has been tested further in Lund, where it has now been used jn 
routine hysterosalpingography for some three years. 

The purpose of the present investigation was to assess the risk of 
any local side-effects of a contrast medium containing dextran. 


Animal experiments 


Two series of experiments were carried out in rabbits. In one series 
the contrast medium was injected intramuscularly: in the other it was 
injected intra-uterinely under conditions simulating those in human 
hysterosalpingography. 

The intramuscular injection series consisted of 71 animals. The con- 
trast medium was injected into a thigh muscle. In order to facilitate the 
demonstration of any dextran in the muscle, the dose employed was as 
large as 2 ml in spite of the increased risk of local necrosis. The animals 
were killed 2 hours to 180 days after the injection. Seven sections from 
each site of injection were examined. 

The intrauterine injection series consisted of 89 animals. After lapar- 
otomy a small incision was made in the superior aspect of the vagina 
and a fine catheter introduced through the portio into one uterine horn. 
One ml (79 cases) or 0.5 ml (10 cases) of the contrast medium was 
injected through the catheter. The other horn served as a control, and 
generally nothing was injected into it (74 cases), but in 16 cases 1 ml of 
contrast medium without dextran was introduced. 

The animals were killed 1 to 150 days after the injection. The uterus, 
tubes and ovaries were then examined grossly and microscopically. As 
a rule, 3 sections were taken from the portio, 7 from each uterine horn, 
3 from each tube, and 3 from each ovary. Sections from 29 sites in each 
rabbit were thus examined. The 16 animals in which contrast medium 
without dextran was injected into the control side, were killed 1 to 
75 days after the injection. 

The specimens were fixed in ethyl and methyl alcohol in equal 
amounts, embedded in paraffin, sectioned, and stained with hematoxylin- 
eosin. Some specimens were also stained according to Hotchkiss’ method 
as modified by PERsson (1952). 
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Results. In the animals killed within one week of the intramuscular 
injection, a marked foreign body reaction was observed with rich deposits 
of resorption cells and foreign body giant cells, as was expected after the 
injection of so much foreign material. This reaction subsided by the 
second week, after which only secondary fibrosis was observed, which 
also gradually decreased. Only in 1 of 11 animals studied after one month 
or more were any pathologic changes observed. 

An eosinophil granular substance, probably dextran, was found in 
the tissue at the site of injection during the first week, but never later. 

No reaction was observed a/ter intrauterine injection in the actual 
tissue of the specimens removed. In 1 animal killed 20 days after the 
injection, a dextran-like substance with a slight admixture of poly- 
morphonuclear leukocytes was found in the uterine cavity. It should be 
noted that in this case leukocytes were also present in the lumen of the 
control side into which no contrast medium had been injected. 


Clinieal trial 


Perjodal H viscous was used in more than 900 hysterosalpingographies 
and 310 of the patients were afterwards operated upon. In 226 of these, 
histologic examination was made of only a number of sections considered 
necessary from a clinical point of view. In none of these cases was any 
foreign body reaction observed despite careful attention to this point. 
In the remaining 84 operated cases the specimens were studied in greater 
detail. The investigation comprised 83 uteri, 68 ovaries, and 67 tubes. 
The histologic technique used was the same as that employed in the 
animal experiments. Each uterus was examined histologically at 16 to 
20 different levels, each ovary at 4 or 5, and each tube at 5 or 6. The 
sections of the uterus were made according to the same schedule through- 
out. 

In 13 cases with tissue changes possibly ascribable to the contrast 
medium and in 3 with eosinophil substance that might have been dex- 
tran, the specimens were also examined according to the Hotchkiss’ 
method, as modified by Persson. Of these cases, 9 were examined further 
with special stains by Bencr H. Persson at the Academic Hospital, 
Uppsala. 

The interval between hysterosalpingography and operation varied 
between 1 and 311 days. Forty-six patients were operated upon 
within 10 days, but we know from previous experience that foreign body 
reaction may be recorded as early as 2 to 3 days. (In 18 cases the interval 
was more than 30 days.) Of the 84 patients, 65 had myomas, 5 had 
adenomyosis, and 8 had carcinoma of the body of the uterus. 
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Results. As far as opacity and viscosity are concerned, Perjodal 
proved satisfactory. It passes through the uterine cavity slowly enough 
to allow detailed reproduction of any pathologic changes in the collum 
or corpus. It gives a good outline of the tubes, through which it neverthe- 
less passes readily enough to be useful also in the investigation of tubal 
patency. Immediate, as well as late side-reactions of the patients were 
insignificant. No addition of anesthetic to the contrast medium was 
required; ‘as is usual, no penicillin was added. 

No tissue reaction was observed in 63 of the 84 specimens examined 
in detail. In 5 cases the usual reaction to intrauterine radium treatment 
was observed. No residual dextran was found in these 68 cases. The 
remaining 16 cases are accounted for in the table below. These 16 cases 
in which changes were found warrant a more detailed account. 


Table 
(Blank space = not examined) 
Interval 
Hysterosalpingo- in days 
graphy. Contrast | En- bet ween 
Myo-| Sal- observed in 
Case | Age me- | pin- _ Diagnosis 
me-|,.. salpingo- 
= | tritis| gitis 
tritis graphy 
abd. uter-| and 
veins} tube ovary] tube 
cay. us : operation 
2 47 — + + (+) — ~ - 7 Myoma 
34 + — - 10 Dysmenorrhoea (nor- 
mal uterus) 
4 52 — — 2 Myoma 
5 | 4 + + — 20 Myoma 
6 48 — 2 Endometritis 
7 | 50 ~ + — 4 Myoma + adenomy- 
osis interna 
8 38 + - 3 Myoma 
9} +4 | 3+ 13 Myoma + salpingitis 
chron. 
10 49 _ + + + — — - 2 Myoma 
11 49 | — -- + —|— 7 Myoma 
12 41 + 46 Myoma 
13 | 59 | + + — | 11 & 14] Adenomyosis interna 
+ | *+ +} — 22 Carcinoma corp.ut.; 
Ra treatment 
15 | 49); — |] + (+) *+- + 29 Carcinoma corp. ut.; 
Ra treatment 
6) — +1 + 22 Carcinoma corp. ut.; 
Ra treatment 


1 reflux also from adenomyosis ducts. 

? instrumental perforation into myometrium. 

pathol. changed tube. 

* changes only on the serosa surface. 

(+) eosinophil substance in tube without signs of reaction in actual tissue. 
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Cases 1 to 3. Four, seven and ten days after hysterosalpingography, an 
eosinophil substance was found in the tube; in Cases 1 and 3 (Cases 1, 2, 3, 7, 9, 10, 14, 
15 and 16 were specially stained and examined by Persson, to whom we are greatly 
indebted) it might histologically have represented dextran. 

Some pale resorption cells were observed in the eosinophil substance, but no ad- 
mixture of leukocytes or any pathologic change in the tubal wall. 


Cases 4 to 7. Endometritis was found in these cases. In Cases 4 and 5 it was 
extremely slight with only single inflammatory cells in and around some glands. In 
Case 6 the mucous membrane was partly desquamated, and there was a fibrinous coating 
with a deposit of leukocytes. In this case then the changes were of the type usually seen 
after curettage. In Case 7, in which the specimen showed marked adenomyosis, there 
was pronounced endometritis and in some places polymorphonuclear leukocytes in the 
ducts of the adenomyosis. These cases presented a clinical picture that suggested the 
presence of endometritis prior to the hysterography. 

No dextran was found in these four cases (2, 20, 2 and 4 days after hysterography). 
In Cases 5, 6 and 7, curettage was performed shortly before the operation. 


Case 8. The specimen showed signs of moderate endometritis, slight inflammatory 
changes in the myometrium but more marked in the tube, 3 days after hysterography. 
In this case operation revealed a large serous myoma broadly connected to the ab- 
dominal wall, omentum, and mesentery. 


Cases 9 and 10. Both patients had salpingitis. In Case 9, no contrast filling 
of the tubes was obtained, and chronic salpingitis was found at operation 13 days later. 
In Case 10, histologic examination 2 days after hysterography showed acute salpingitis 
on the left side. The only clinical reaction, however, was an increase in body temperature 
to 37.8 C max. on the following day, and at operation the tubes were found to be of 
normal macroscopic appearance. Hysterosalpingography cannot be excluded as the cause 
of the salpingitis in Case 10, but no dextran was found in the tube. 


Cases 11 to 16. Foreign body granulomas were found in these cases. In 
Cases 11, 12 and 15 only one granuloma was observed in one section from the myo- 
metrium. The granulomas were so small that they were not seen in further sections cut 
later. The granulomas were situated deep in the myometrium and were all of one and 
the same histologic appearance (Fig. 1). They were built up of pale resorption cells, 
round cells, and single giant cells of foreign body type. Here and there the giant cells 
were vacuolated owing to the dissolution of some probably fatty material. In one 
granuloma, a rod-shaped crystalline formation of obscure nature was observed. 


Cases 14 to 16. In all of these cases single granulomatous formations were 
seen in the peritoneum. In Case 14 they were observed on the serous membrane of the 
ovary and the uterus. In this case a purulent exudate was demonstrated in the tube as 
well as accumulations of round cells in the fibrous mucosa. r 

In Case 15 there were granulomatous changes of the same type as in Case 14 as 
well as eosinophil masses in the tube, but without surrounding inflammatory changes. 

In Case 16 granulomas were seen only on the surface of one ovary. The uterine 
mucosa was necrotic and coated with fibrin saturated with leukocytes. 

in Case 14 to 16 all of the granulomas contained blood pigment and usually a 
light-refracting substance. In none of the cases was any residual dextran seen. 

All of these 3 patients had received intrauterine radium treatment. 
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Fig. 1. Case 12. Granuloma in myometrium, composed of histiocytes, 
foreign body giant cells, and lymphocytes. 


The histologic examination of these 16 cases revealed an eosinophil substance alone in 
3 cases, endometritis alone in 4 cases, inflammatory changes in the endometrium, in the 
myometrium, and in one tube in 1 case, salpingitis in 2 cases, a single granuloma in the 
myometrium in 3 cases, and single granulomas in the peritoneum in 3 cases treated 
with radium. 


Discussion 


In the evaluation of side-effects of a contrast medium on the tissue, 
the care with which the histologic examination is made must be taken 
into account. In our experience, signs of foreign body reaction are found 
more often when a large number of sections from the organs are examined, 
and when the examination is made with special regard to the occurrence 
of granulomas. It was with this in mind that we investigated Perjodal H 
viscous. 

In the 89 animal experiments simulating human hysterosalpingo- 
graphy, no tissue reaction was observed. 

Out of the 310 specimens, 226 were examined in as many sections 
as were necessary for the clinical diagnosis. The examination revealed 
no foreign body granulomas. 

Eighty-four operative specimens were subjected to more extensive 
histologic examination. In 68 of these cases no tissue reaction was found 
that could have been caused by the contrast medium. The remaining 


Ny : 
| 


PERJODAL H VISCOUS, A WATER-SOLUBLE CONTRAST MEDIUM 593 


16 cases are dealt with in detail in the table. As is seen, even slight patho- 
logic changes of various kinds were recorded, although they were probably 
not caused by the contrast medium. Thus 7 cases showed only inflamma- 
tory changes, usually mild. One of the patients had chronic salpingitis; 
this had been demonstrated by previous hysterosalpingography. In only 
one of these cases did the histologic findings correspond to the clinical 
signs of mild inflammation. The frequency ‘of inflammation of the kind 
mentioned seems to be that expected after hysterosalpingography of a 
material, including tumour cases. 

The other 9 cases, however, deserve special attention. In 3 cases the 
only findings consisted of eosinophil masses in the tubal lumen. In 2 of 
these, the substance may have been dextran, which had thus persisted 
in the tube for 4 and 10 days respectively. Histologic examination, how- 
ever, revealed no evidence of any reaction in the actual tissue. 

The remaining 6 cases showed granulomas as a sign of tissue reaction 
to some foreign material. The important question was whether this 
material was dextran or not. 

In the 3 cases in which granulomas were observed deep in the myo- 
metrium it was impossible to answer this question, because the single 
granuloma noted in each of the cases was so small that no further sec- 
tions were available for special staining: Htx-eosin staining, however, 
showed no eosinophil substance. In 1 of these cases a rod-shaped crystal- 
line formation was detected. The formation, which was most probably not 
dextran, might account for the development of the granuloma. 

In 3 of the cases that had received intrauterine radium treatment, 
granulomatous formations were found on the surface of the ovaries or 
the uterus. The histologic picture agreed with that found in the myo- 
metrium granulomas with the exception that the peritoneal granulomas 
always contained blood pigment. Granuloma formations of this kind 
are sometimes seen after radium therapy. Special staining in these cases 
did not reveal the presence of any dextran. As in one (Case 13) of the 
cases with granulomas in the myometrium, most of these granulomas 
also contained a light-refracting substance. In another (Case 14), no 
contrast medium had passed from the tubes into the abdominal cavity, 
which also suggests that these foreign body granulomas were not caused 
by the contrast medium. 


Conclusions 


Intrauterine injection of Perjodal H viscous into rabbits produced no 
reaction in the actual tissue. 

Histologic examination of operative specimens revealed a foreign 
body reaction in 6 cases. In 3 of these cases, the contrast medium can 
probably be excluded as the cause of the change, while in the remaining 
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3 cases the changes may have been caused by the contrast medium, 
though this is not probable. Even if the granulomas in the myometrium 
were caused by the contrast medium, such a degree and frequency of 
the reaction must be regarded as negligible. 

When the excellent roentgenographic properties of the medium are 
considered in the light of insignificant side-effects, Perjodal H viscous 
seems to be a satisfactory contrast medium for hysterosalpingography. 


SUMMARY 


A new water-soluble contrast medium, Perjodal H viscous, thickened with low mo- 
lecular dextran, was studied experimentally and clinically. This contrast medium has 
excellent roentgenographic properties and appears to satisfy all the requirements that 
can reasonably be placed on a contrast medium for hysterosalpingography. 


ZUSAMMENFASSUNG 


Ein neues, wasserlésliches Kontrastmittel, Perjodal H viskos, verdickt mit niedrig- 
molekularem Dextran, ist experimentell und klinisch untersucht worden. Das Kontrast- 
mittel hat ausgezeichnete réntgenographische Eigenschaften und scheint alle Anfor- 
derungen zu befriedigen, die man billigerweise an ein Kontrastmittel fiir Hysterosal- 
pingographien stellen kann. 


RESUME 


Les auteurs ont étudié expérimentalement et cliniquement un nouveau moyen de 
contraste hvdrosoluble, le Perjodal H visqueux, rendu visqueux par du dextrane de faible 
poids moléculaire. Ce moyen de contraste a dexcellentes propriétés radiologiques et 
parait satisfaire & toutes les exigences que l'on peut raisonnablement formuler en matiére 
de moyen de contraste pour hystérosalpingographie. 
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THE DEVELOPMENT OF QUANTUM BIOLOGY 
DURING THE LAST DECADE 


by 


K. G. Zimmer 


A critical survey of the development in quantum biology during the 
last decade may for several reasons be worthwhile. Attempts to explain 
certain biologic processes, loosely described by terms such as ‘target- 
theory’, ‘hit-principle’, or ‘quantum biology’, were in high esteem about 
10 years ago. Many results and hypotheses based on such concepts seemed 
well established in those days and were summarized in two monographs, 
ready for publication by early 1945: the well-known treatise by D. E. 
Lea, dealing mainly with ‘one-hit processes’ and the more general one 
by N. W. Timorkerr-Ressovsky and K. G. ZIMMER, in which an attempt 
was made to summarize the evidence for and against various types of 
hit processes in biology. It was much to be regretted that owing to cir- 
cumstances both these contributions appeared several years after com- 
pletion of the manuscripts and after the authors were unable to continue 
work along these lines. 

There is no intention of giving another account of the many conclu- 
sions, obtained during the years which followed, which were considered 
very strong evidence against the ‘target’ theory and or ‘hit’ theory. 
Excellent summaries in various languages are available and the facts 
and opinions are certainly widely known. Some of the writers placed more 
weight upon experimental facts while others started from general philo- 
sophic or political principles. Two main conclusions may be drawn from 
these papers. The majority of investigators decided to refrain from 
further refinement of physico-mathematical analysis ef dose-effect 
curves, and to explore more carefully the possibilities of explanation 
in terms of radiation chemistry, enzymatic changes, and other chemical 

Condensed version of a lecture given at the Radium Hospital, Oslo, Norway, 
January 1956; submitted for publication 8 February 1956. 
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and biochemic mechanisms. On the other hand a fairly widespread 
tendency to discard the ‘target hypothesis’ as altogether useless developed. 
This in itself would have been of no serious import, but became rather 
dangerous since many investigators, in spite of being opposed to the 
target theory, continued to use hit and target concepts freely, almost 
subconsciously, and because of this, often without necessary care. Such 
a procedure does not seem satisfactory nor can it possibly lead to con- 
sistent explanations of biologic processes. 

As has been said before, there is no lack of papers summarizing results 
that disagree, actually or apparently, with the concepts of quantum 
biology. But there appears to have been no attempt to give a critical 
account of results, obtained during the last 10 years, in favour of such 
concepts. In trying to do this now, I do not propose to describe in detail 
the improvements in the mathematic tools worked out recently, though 
some of these contributions are very interesting (VON SANDEN 1949) 
and the new methods useful and time-saving (AtTwoop and Norman 
1949). One paper, published somewhat earlier but not very well known 
(KoYENUMA 1943), needs mentioning for a more general reason. The 
author, besides treating many other mathematical aspects of dose-effect 
curves, attempted to give an approximate equation describing the 
influence of recovery on the shape of these curves. But his methods seem 
open to doubt as he combined mathematically a hit curve, based on 
quantisized all-or-none effects, with a continuous recovery function. 
This is hardly permissible except, perhaps, as a first approximation. 
Moreover, it was quite unnecessary as the exact solutions of such problems 
have been known for many years. This brings us to a general objection 
against the usefulness of further mathematical work in the field: most of 
the problems have been worked out a long time ago and very thoroughly 
by authors interested in the elementary processes of photographic image 
formation (SVEDBERG 1920, 1922, Wess 1948). It is difficult to see, 
therefore, why all this should be repeated independently by radiation 
biologists, and again by physiologists working on thresholds of visual 
perception. 

The last-mentioned field furnishes a very demonstrative series of 
experiments bearing on our problem. Starting from the early and some- 
what preliminary results (BARNES and CZERNY 1932) a number of authors 
set out, evidently quite independently of each other, to analyse frequency- 
of-seeing curves in an endeavour to determine the smallest number of 
photons that leads to visual perception (BRUMBERG and VAVILov 1933, 
Hecut, SHLAER and PIRENNE 1942, VAN DER VELDEN 1944). Though 
disagreeing as to the exact figure, all these authors concluded that a very 
small number of photons was sufficient. This led to a rapid development 
of complicated mathematical methods for analysing the influence of 
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additional parameters on frequency-of-seeing curves, only a few authors 
being aware of the easy possibility of adopting results obtained by radia- 
tion biologists (PEYRovu and PIATIER 1946). This strong interest in devel- 
oping the details was not altogether fortunate as rigid statistic treatment 
casts serious doubt on the possitibility of obtaining convincing evidence 
from the analysis of frequency-of-seeing curves alone (BLACKWELL 1953). 
The analogy between this situation and, say, the enormous literature on 
analysis of so-called ‘multi-hit curves’ in radiation biology will be noticed. 
The analogy however goes much further. About the same time the influ- 
ence of oxygen pressure on biologic effects of radiation was rediscovered 
(THopay and Reap 1947), a strong influence of such pressure on fre- 
quency-of-seeing curves was found (CRozIER 1950). Quite independently 
of radiation biology this led to much the same reasoning which runs as 
follows. The number of photons entering the eye evidently being inde- 
pendent of oxygen pressure, and the frequency of seeing being dependent 
upon it, the “X-hit to see’-type of explanation of frequency-of-seeing 
curves must be wrong. At this stage, however, it should be remembered 
that physiologists have obtained independent evidence that the number 
of photons necessary for visual perception is very small. This evidence 
rests on the coefficient of absorption of the visual purple (BAUMGARDT 
1952) and, together with the well-established fact that the number of 
photons contained in small flashes of light is bound to fluctuate, leaves 
no room for doubt that the frequency-of-seeing curves are really *X-hit 
to see’ curves. Consequently the dependence on oxygen pressure must 
be caused by influencing the reactions following absorption of light. 
Such an influence is not at all astonishing, as vision is not obtained with 
the retina but with the complicated system comprising retina, visual 
nerve, and brain. 

Here it may well be asked how far the analogy to radiation biology 
should be carried. In order, however, to confine ourselves to a summary 
of results, rather than to speculations, it is necessary that it should be 
clear as to the field to be considered. It seems a really serious source of 
difficulty and misunderstanding that some authors have tried to apply 
the hit theory to such an enormous variety of phenomena. There is no 
doubt that the action of radiation on several small but biologically im- 
portant entities may be described most successfully by hit and target 
concepts, as has been shown e. g. for penicillin (DAvis and POLLARD 1952). 
It is equally clear that, for instance, the killing of lobsters by boiling water 
cannot reasonably be interpreted by these means, though equivalent 
attempts are numerous in the radiobiologic literature. Moreover, one 
quite clear-cut result of 50 years of radiobiologic research should always 
be kept in mind. The question as to the mechanism of the biologic action 
of radiation has been shown to be utterly meaningless. There are many 
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kinds of biologic actions of radiation and, according to all we know, 
these are brought about by various types of mec haniams. Because of 


this the many attempts to demonstrate the unique importance of hydro- | 
gen peroxide or of the sulfhydryl groups, to mention only two favourites | 
among many others, are bound to have limited success. There are more or 
less numerous examples for and against most of the mechanisms proposed, 
and this would apply to the hit and target theory as well. 

One of the more striking examples of this is the detection of a plasmatic 
entity in the Paramecium, the ‘killer’ or *-factor’, the visual observation 
of which resulted only after its inactivation by roentgen rays and the 
approximate determination of its size by the simple target theory (PREER 
1948, SONNEBORN 1948). Another example of very general importance 
is the determination of sizes and shapes of a variety of biologic entities 
(POLLARD 1953, PoLLARD, GuiILp, HutcHinson, and SerLow 1955 
z There does not seem much room for objections against these measure- 
ments on the grounds of the possible influence of indirect action when 
working with intact cells or extracts thereof, or of damaging the entities 
= to be measured by drying when working in vacuo. These possibilities 
have been tested and practically identical results obtained by inactivating 
. cytochrome oxydase, succinic dehydrogenase, and yeast invertase, in 


s vacuo as well as in intact cells (PowELL and PoLLarD 1955). Careful 
Aa experiments showed that indirect effects add to the inactivation of 
= enzymes, vitamins, viruses, and phages only in pure dilute solutions 
E (LEA 1946, Watson 1952). It is also interesting to note that oxygen 
" pressure does not influence the inactivation of phages by roentgen rays 
aan if the phages are suspended in broth (Hewrrr and Reap 1950). 
~ Absence of any influence of oxygen pressure has also been found 


- in experiments on inactivation of the transforming factor of the pneumo- | 


coccus and LaAtarser 1955) suspended yeast 
4 extract. This result, in connection with the fact that the material consists 
J of pure DNA, led the authors to speculate on the action of radiation on 
‘ genes. The oxygen influence on the latter reaction may also be absent 
AG or very limited, as alre: udy indicated by the fact that roentgen ray in- 
" duction of pure chromosome mutations is more influenced by oxygen 
i than a similar induction of mixtures of gene- and chromosome mutations. 


If these considerations should prove correct, investigation of radiation- 
a induced gene mutations might usefully be continued along the lines used 
during the period from 1935 to 1945. 


. In this connection another experiment should be mentioned concerning 
Ei the induction of phage in the lysogenic strain of EF. coli K 12 (4) by roent- 
i gen rays (Marcovicn 1954). As induction may be considered a lethal 


mutation of the bacterium involved, this method permits investigation 
of dose-dependence of mutation in a very wide range of dosages. Strict 
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linearity between dosage and ‘rate of mutation’ was found from 5,000 r 
down to 1 r. Taking into account the smallness of the volume of £. coli 
and the number of ion pairs produced by a dose of 1 r, a simple calculation 
shows quite independently of any analysis by means of the target theory, 
that at a dose of 1 r there occurs in a bacterium one primary act (ion 
pair or cluster) or none, and there can be simply no question of cumulative 
effects. This result cannot easily be considered evidence against the 
applic ‘ability of hit and target concepts in certain cases — to put the 
matter with some caution. 

In many types of experiments the use of densely ionizing radiation 
is to be preferred because with it the influence of oxygen pressure is 
generally very small (THopay and REAp 1949). Moreover, it offers the 
possibility of application in the form of very narrow beams. Irradiation 
of mitotic cells of amphibian heart cultures ‘by 1 MeV protons in beams 
of a width of 2.5 microns resulted in the production of severe chromosome 
aberrations if a few dozen protons crossed the chromosomes. But no such 
effect could be observed after the crossing of cytoplasm or spindle-region 
even by thousands of protons (ZIRKLE and BLoom 1953). These findings 
may in a way be taken as evidence for the applicability of the target 
theory, though many more pertinent results are to be expected from 
radiation biology with densely ionizing irradiation, a field of work still 
in its beginning (EHRENBERG and NyBom 1954, EHRENBERG 1955). 

On the other hand it should be kept in mind that the aforementioned 
result does not really add very much to the solution of one of the central 
problems of quantum biology. It is not generally known that this problem 
was enunciated very clearly more than 30 years ago (HOLTHUSEN 1924). 
It has later been used as a working hypothesis (. JoRDAN 1939, ARLEY and 
IVERSEN 1952) and may conveniently be stated in the form of a question: 
Are there biologic processes which are controlled by key structures capable 
of undergoing quantum jumps when hit by radiation or other agents? 
From the point of view of this question the result that chromosomes 
are broken by the passage of densely ionizing particles may be considered 
trivial. The more so as recent investigations (READ 1949, 1951) make it 
seem not unlikely that such breakage might result simply mechanically 
from the forces exerted by electric charges while a densely ionizing par- 
ticle crosses the chromosome. Breakage by this mechanism cannot 
possibly occur if the ionizing particle does not pass the chromosome but 
traverses through the cell somewhere else. 

The question cannot, therefore, as yet be answered in the affirmative 
except for the process of vision. As to some other processes it has been 
established that they follow first order kinetics, showing that only one 
entity reacts. But as to partners and mode of reaction we know very 
little indeed, especially when considering such complicated systems 
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as cells or even viruses. The difficulties encountered and the caution 
required may be illustrated by two examples. 

There have been frequent attempts to separate direct and indirect 
effects of radiation by irradiating biologic systems at low temperatures 
(FABERGE 1950) with the aim of excluding indirect effects by greatly 
diminishing diffusion. But it should be kept in mind that biologic effects 
‘an be measured only after re-heating. It is, therefore, difficult to exclude 
the possibility that persistent chemical agents formed at low temperature 
act after diffusion is re-established (Gray 1954). Another method em- 
ployed to exclude indirect action consists of irradiating biologic objects 
such as viruses in solutions of protective substances, e. g. in broth. Again, 
the justification for ascribing the radiation effects under these cireum- 
stances to direct action does not yet seem established, at it has been 
shown (DoERMAN, as communicated by Watson, 1952) that the addition 
of cystein to optimally protecting concentrations of broth diminishes 
the action of radiation by an additional 50 °,. This is a most interesting 
phenomenon as it might furnish a starting point for elucidating the 
mechanism of direct action (especially so in the light of the findings of 
ELpsarn and PrHi 1955), though other explanations are by no means 
excluded. 

Many similar examples of interesting problems that require further 
investigation could easily be given. Quite obviously, it cannot be claimed 
that the situation is nearly as clear as it seemed to be some 10 years ago. 
On the other hand it would seem premature to discard the concepts of 
quantum biology altogether and not to continue work along lines which 
may eventually lead to valuable contributions to our understanding of 
biologic processus (DELBRUCK 1949). 


SUMMARY 


The position of the ‘target’ or ‘hit’ theory is discussed in light of the experimental 
material presented during the last decade; the danger of using quantum biology concepts 
without a sufficiently careful approach is emphasized. In several systems, it appears 
as if the target theory still provides the most rational and economical explanation. How- 
ever, the problem of radiation effects in general is obviously so complex that no simple 
all-encompassing theory is warranted at present. 


ZUSAMMENFASSUNG 


Die Stellung der Treffer-Theorie wird am experimentellen Material der letzten zehn 
Jahre diskutiert und auf die Gefahr unkritischer Anwendung quanten-biologischer Be- 
griffe hingewiesen. Fiir verschiedene Systeme fiihrte gerade in den letzten Jahren die 
nicht modifizierte Treffer-Theorie zu wertvollen Ergebnissen. Hinsichtlich der biologischen 
Wirkungen ionisierender Strahlen wird betont, dass das allgemeine Problem offensichtlich 
zu kompliziert ist, um eine einheitliche, umfassende Theorie schon jetzt zuzulassen. 
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RESUME 


La situation de la »théorie des atteintes» est discutée 4 la lumiére des résultats 
expérimentaux des dix derniéres années; on montre, en particulier, le danger qu'il y a 
4 se servir sans discernement des notions de biologie quantique. La théorie des atteintes 
non modifiée, appliquée A différents systemes, a donné, surtout ces derniéres années, 
des résultats importants. En ce qui concerne laction biologique des rayonnements 
jonisants, i! semble que le probleme général soit trop compliqué, pour permettre d’établir 
actuellement une théorie unitaire compléte. 
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ON THE TECHNIQUE OF PHLEBOGRAPHY OF THE 
LOWER LIMB 


by 
Ake Gullmo 


The alterations occurring in the venous system of the lower limb and 
demonstrable by phlebography are many. An examination technique 
capable of demonstrating the causal factors as well as the alterations in 
a given case may give detailed information on the pathologic changes and 
help to pave the way for the elaboration of suitable selective operation 
therapy. 

The first to publish phlebograms obtained in a living human subject 
were BeRBERICH & Hirscu (1923), who injected 5 to 10 ml strontium 
bromide 10 to 20 °, into a vein of the arm. McPHEETERS & RICE (1929) 
injected 1 ml Lipiodol into varices of a leg in their investigation on the 
influence of inspiration, the Valsalva manoeuvre, and movements of the 
foot, upon the blood flow. The introduction of Uroselectan in 1929 and 
Abrodil in 1930, for urography, prompted the development of phlebo- 
graphic methods. 

The methods described by RatscHow (1930), SGALITZER, KOLLERT & 
DeMEL (1931), and BarBER & ORLEY (1932), should perhaps be classed 
under ‘varicography’ because the contrast medium was injected into 
dilated superficial veins in the calf, where it often remained for a long 
time so that only the superficial veins were visualized. 

FRIMANN-DAHL (1935) employed phlebography in his investigation 
of the circulation rate post-operatively, puncturing the great saphenous 
vein about 10 cm below the knee, and in some cases a vein on the dorsum 
of the foot. In one of his cases the phlebogram showed thrombosis of the 
femoral vein, a finding confirmed at autopsy. This was the first time that 
venous thrombosis was diagnosed by means of phlebography. 


Submitted for publication 24 October 1955. 
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J. Cip Dos Santos (1938) supplemented the arteriographic investiga- 
tions of REYNALDO Dos Santos by fundamental observations on phlebo- 
graphy and pointed out the importance of imperfect intermixture of 
the contrast medium with the blood, caused by differences in specific 
gravity and viscosity (factors studied later by LinpBLom, KJELLBER«. 
LOFsTEDT, GREITZ). 

LUKE (1943, 1951) described a method of retrograde phlebography of 
the deep leg veins using percutaneous puncture of the femoral vein, 

In 1940 BavER applied the method of pos Santos for the diagnosis 
of acute thrombosis; in 1942 he used it for the investigation of sequelae 
of thrombosis, and in 1948 he used operative retrograde phlebography 
for evaluating indications for popliteal resection. , 

MARTORELL (1946) used selective phlebography for demonstrating 
pathologic communicating veins between the deep and superficial 
systems. Methods aiming at a detailed investigation of the communicating 
veins have also been described by Masse, & ErrinGer (1948), CoLix & 
GERSTEN (1950), VAN Hove (1952) and Cocker & JONES (1953). 

DRASNAR (1946) and Diwrza (1951) described transosseous injection 
of contrast medium for visualization of the deep veins. 

LERICHE (1927) and HoMmANs (1928) stressed the importance of 
thrombosis of the deep veins as a causal factor in induration and ulcera- 
tion of the lower leg. 

Phlebography should, however, not be used as a routine method for 
determining the patency of the deep veins before deciding upon the 
extirpation of superficial varicose veins; it is now known that the deep 
veins are practically always patent except during the first 2 to 3 months 
after acute thrombosis. However, even in late post-thrombotie condi- 
tions the contrast medium often flows more readily through the super- 
ficial veins than through the deep venous system with the result that no 
filling will be obtained of the latter. In the investigation of such cases 
the method should be modified to ensure good filling even of those parts 
of the venous system offering more resistance to the flow of the medium. 

The methods hitherto available and aiming only at good visualiza- 
tion of the deep veins may be divided into two groups: 

a) those of Frimann-DaH_, Dos Santos, and BAvER with the patient 
supine, and 

b) those of LinpBLtom, KJELLBERG, LOFstEDT, SYLVAN and GREITZ 
with the patient practically erect. 

The phlebographic investigations that led to the development of the 
latter group of methods contributed to more correct interpretation of 
the behaviour of the contrast medium in the veins. Whether the patient 
should be examined in the supine or in the erect position is, however, a 
question that has assumed too much importance. The purpose of phlebo- 
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graphy should not be confined to determination of the patency of the 
deep veins, but should also include a careful investigation of the lumen, 
wall, and valves of these veins, as well as the condition of the veins in 
the calf muscles, and the occurrence of any abnormal communicating 
or perforating veins. The phlebographic technique and the position of 
the patient should be varied according to the information desired. 

Several methods have been described for the investigation of these 
details, but, judging by the accompanying reproductions, the anatomy 
of the perforating veins, for example, have either been misinterpreted, 
or the quality of the phlebograms has been too poor to serve as a reliable 
basis for selective therapy. 

It was against this background that the writer tried to find out 
which method of phlebography gives the most information and which 
pathologic changes are the most common. Attention was also directed 
to the roentgen anatomy, especially of the muscle veins, and to the flow 
of the contrast medium in the veins. 

It was soon realized that no single method yielded sufficient informa- 
tion on all these points: the most informative seemed to be that of GREITz, 
which ensures good filling of all the veins of a normal leg. In venous 
insufficiency, however, only poor or no filling will be obtained of the 
veins, for example, in the gastrocnemius muscle or of the veins proximal 
thereto, no matter how much contrast medium is injected: and owing to 
the imperfect intermixture of the contrast medium with the blood the 
valves in these veins are often not demonstrable. This intermixture 
occurs mostly near the site of the injection and decreases with distance, 
presumably because of the diminishing effect of the injection pressure 
on the blood flow. On injection of contrast medium into a foot vein with 
the leg vertical, the medium will mix satisfactorily with the blood in the 
deep posterior veins up to the level of the entry of the uppermost venous 
arcades in the soleus muscle, which are responsible for the largest inflow 
of venous blood into the deep veins of the lower leg. Above this level the 
contrast medium appears to accumulate in the centre of the stream 
when neither the valves nor the vessel wall can be judged with certainty, 
probably mainly because of the inflow of fresh blood from the muscle 
and other veins. 

A disadvantage of the use of large quantities of contrast medium, as 
recommended by Grertz, is that the superimposition of distended in- 
competent veins makes it difficult to recognize and evaluate details of 
venous changes. 

Complete phlebography of the lower limb should therefore preferably 
be done in several selective stages. These are described below in the order 
found most suitable; about 20 ml of a 35 ° contrast medium was em- 
ployed. 
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The contrast medium used in this investigation was practically always of the diodone 
type (Umbradil 35 ®), Astra). In 10 cases the contrast medium was of the sodiuniace- 
trizoate type (Triurol 25 %,, Leo); this regularly produced severe pain and cramp in the 
calves, and its use in phlebography aiming at filling of the muscle veins is not recom. 
mended. 


Material. The material consisted of 509 cases (652 legs, 1,219 phlebo- 
graphic examinations). In the first 150 cases interest was focused mainly 
on pathologic communicating veins and muscle veins in the calf. These 

vases were examined by ‘ascending phlebography’ described below 
under II (with the patient sitting). During the last year of the period 
covered by the investigation most of the cases were examined by femoral 
phlebography (121 cases, 179 legs) described under I. In 19 legs contrast 
medium was also injected percutaneously into the popliteal vein; on 
15 occasions it was deposited by the intraosseous route. 

Practically all the legs with venous insufficiency were examined 
by ascending phlebography according to method II. 


I. Retrograde femoral phlebography. In the investigation of venous 
insufficiency of the leg it is of importance to form a clear opinion of the 
condition of the veins in the groin. As will be apparent later, this can 
best be obtained by a special form of retrograde phlebography. The 
method of LUKE (1943), for example, in which the contrast medium was 
injected percutaneously with the patient in the supine position and with 
manual compression of the femoral vein proximal to the site of the 
injection, can be fairly informative. The compression, however, makes it 
unphysiological. According to SYLVAN (1950, 1951), the patient should 
preferably be examined in the erect position, although in practice he 
examined his patients inclined at an angle of 65 degrees. 

In the presence of venous insufficiency the blood in the femoral vein 
usually flows in a proximal direction even when the subject is in the 
erect position, but on straining (Valsalva manoeuvre) the blood can flow 
in a distal direction and continue to do so as long as straining is main- 
tained. In the standing position, however, often only a small additional 
amount of blood can flow distally into the already distended leg veins. 
That it is nevertheless possible to obtain good filling of the veins by 
SYLVAN’s method, in the presence of venous insufficiency, is probably due 
to the relatively high specific gravity of the contrast medium, the injec- 
tion pressure, and the distal flow of the blood stream on involuntary 
straining. Phlebograms obtained by this method are, however, deceptive 
because of their dependance on so many uncontrollable factors. 

In the supine position the incompetent veins are usually drained of 
much blood, so that on straining a large amount is forced down in a 
retrograde direction from the vena cava. The veins in such a leg then 
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form a ‘Windkessel’. It is on this phenomenon that the following 
method is based: Before injection of the contrast medium the patient is 
instructed to practice straining (Valsalva maneouvre), during which the 
examiner sees that the abdominal muscles are properly contracted. The 
needle is preferably inserted in the inguinal fold immediately medial to 
the artery whose pulsations are best felt with the leg rotated outwards. 
A large bore needle, about 8 cm long, with a straight cutting edge is 
used. Before being connected to the tube and syringe it is introduced 
directly into the femoral vein. When the tip meets the fascia, the latter 
is pe metrated by a gentle thrust and, as a rule, the needle will then enter 
the vein. A rubber or plastic tube, about 25 cm long, is then connected 
to the needle and physiologic saline injected; suction will show whether 
the needle is still in proper position after the patient has been directed 
to strain for a moment or so. The patient is now requested to take a 
deep breath. Injection is commenced and after about 78 ml the patient 
is ordered to strain. The contrast medium is injected fairly quickly, 
but not at a pressure to involve the risk of extravasation. The first film 
is obtained at the end of the injection. The patient then takes a shallow 
quick breath (during which valves of the veins, if any, are transiently 
opened) and again strains. A film of the lower segment of the thigh 
including the region of the knee, and a third film of the lower leg, are 
then obtained. 


Straining will not force the contrast medium past the first inguinal 
valves of a normal femoral vein, an observation confirmed by phlebo- 
grams taken in association with the injection of contrast medium in 
urographic examinations in 30 patients with normal legs. In all of them 
the result was the same as that illustrated in Fig. 1. The phlebograms of 
the inguinal region of 84 legs, out of 409 examined in the present investiga- 
tion, were also normal in this respect; mos? of these legs we reexamined 
because of small varices confined to the lower leg or some other condi- 
tion such as lymphedema. In a large number of patients with an incom- 
petent long saphenous vein, the valves in the femoral vein were normal 
(as in Fig. 2). In normal cases the veins in the inguinal region are visualized 
only in ‘films taken immediately after the injection, “i.e. in the first 
phlebogram, because blood unadulterated with contrast medium flows 
up past the valves when the patient breathes in the intervals between 
the taking of the films. 

If the contrast medium should inadvertently be injected, say, into 
the long saphenous vein, inferior epigastric vein, or medial circumflex 
vein, instead of into the femoral vein, the result will nevertheless usually 
be the same because the patient does not begin to strain until about a 
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Fig. 1 Fig. 2 a Fig. 2 b 
Fig. 1. Retrograde femoral phlebography. Normal appearance. Injection during 
straining. Contrast filling extends to the nearest peripheral valves. At — valve of super- 
ficial femoral vein. At *— valves of branches of deep femoral vein. At »—> contrast 
medium above proximal valve in long saphenous vein. 
Fig. 2. a) Slight incompetence and (b) severe incompetence of long saphenous vein. 
Impression (—-) in medial aspect of common femoral vein indicating incipient femoral 
hernia in lacuna vasorum, Valves of femoral vein competent. Needle inserted at the 
level of inguinal fold (»—>). 


third of the contrast medium has been injected, by when the iliac vein 
is usually already filled. 

In assumed incompetence of the long saphenous vein it may be useful 
to place a tourniquet on the lower part of the thigh after the first films 
have been obtained, request the patient to extend and flex the foot a 
few times, and then take the remainder of the films in a reverse order, 
i. e., from the foot upwards, because if the long saphenous vein is incom- 
petent, the contrast medium will flow rapidly down into the superficial 
veins of the lower leg. However, when the passage from these veins is 
occluded by the tourniquet, the contrast medium will pass into the deep 
veins through communicating and perforating veins, which can be recog- 


aa 

al 


a 


ON THE TECHNIQUE OF PHLEBOGRAPHY OF THE LOWER LIMB 609 


a b c d 


Fig. 3. Relative incompetence of femoral vein. a) During continuous straining. Valves 
of femoral vein competent. b) After short breath and resumed straining the contrast 
medium flows past the valves. c) Three more valves (+) are incompetent. d) Contrast 


‘ medium flows out through short saphenous vein and fascia (—.) to superficial varices. 
" nised and located: it may also be possible to judge the condition of the 
al deep veins and muscle veins. 
he Incompetence of the long saphenous vein cannot always be diagnosed 
clinically. The patient in Fig. 2, for example, was obese, and the dilated 
long saphenous vein could not be felt in the groin until it had been located 
n by phlebography. On the other hand, if the superficial femoral (Fig. 5) 
or deep femoral vein (Fig. 4) is incompetent, the contrast medium will 
ul flow down through them and their branches and out into communicating 
Is veins, which can then be located. Incompetence of the short saphenous 
a vein can be diagnosed or confirmed in this way (Fig. 3). 
r, In pronounced stenosis of the iliac vein (e.g. following thrombosis) 
I- the veins of the lower limb may be markedly distended with blood even 
ul with the patient recumbent. Straining during the injection will then not 
Is force more blood distally into the veins (Fig. 11). Superficial varices in the 
Pp lower part of the abdomen, or in the pubic region, suggest stenosis of the 


f- iliac vein; the first phlebogram should then be taken to include this 
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a b a b 
Fig. 4. Incompetent deep femoral vein. Fig. 5. a) Complete incompetence of 
a) Retrograde filling only of deep femoral valveless femoral vein following throm- 
vein. Total ‘strain-compression’ of the fem- — bosis. b) Retrograde filling down through 
oral vein in lacuna vasorvm at —. b) Later — veins in gastrocnemius muscle (—-), upper 
the contrast medium flows through com- part of soleus muscle (>), and valveless 
municating veins (>>) and fills superficial dilated posterior tibial vein («*). 


femoral vein also. 


vessel. Retrograde phlebography by the method described is then useful 
for confirming the condition and for investigating the degree of patency 
of the iliac veins. In such cases investigation of the femoral vein may 
require direct puncture of the popliteal vein, because if the contrast 
medium is injected into a superficial vein, usually only a poor filling will 
be obtained of the deep veins, which seem to offer more resistance to the 
inflow of the contrast medium. In some cases the method III, on p. 
613 may demonstrate the femoral vein satisfactorily and should therefore 
preferably be performed before method IV described on p. 615. This 
type of stenosis (Fig. 11) is fairly rare and was seen in only 9 of the 409 
legs examined. Post-thrombotic narrowing of the lumen of the iliac vein 
and upper segment of the femoral vein is usually less pronounced, the 
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deep veins of the leg then being visualized by the technique described 
(Fig. 5). 

Straining is often accompanied by a more or less complete compression of the femoral 
vein in the lacuna vasorum (Figs. 2 and 4). Uf another exposure is then made without 
straining, the vessel is found to have a normal straight course. I intend to call this the 
‘strain-compression phenomenon’. From 8 operated cases (hernioplasty) I have con- 
cluded that the phenomenon is caused by an incipient hernia in the lacuna vasorum 
medial to the vein. If the needle was inserted in the part of the vein being distorted it 
occasionally slipped out again on straining. The insertion should therefore be made 
2 to 3 em distally to the inguinal ligament; on the surface, this point is at the level of 
the inguinal fold (Fig. 2 a). 


Retrograde phlebography is so informative that it should usually 
precede and supplement the other methods of examination. It will 
practically always show the individual type of insufficiency. 

In 13 legs out of 422 attempts to puncture the femoral vein failed. 
In 5 of these, acute occlusive thrombosis of the femoral vein was diag- 
nosed by phlebography with another technique. 

Il. Ascending phlebography oj the lower limb. Injection of the contrast 
medium into a vein of the dorsum of the foot with the patient sitting 
is the most widely used procedure. If for some reason, it is desired to 
determine only the patency of the deep veins, it may be sufficient to 
take films in one projection. 

The writer modified this commonly accepted method, as described 
by LixpBom, in order not only to determine the patency of the veins, 
but also to demonstrate communicating veins in the lower leg as well as 
veins in the soleus muscle and, if possible, in the gastrocnemius muscle. 

The patient sits on the edge of a table with the legs relaxed and verti- 
al and the feet just touching the floor. A tourniquet is placed round the 
malleoli to constrict the superficial veins. 

Contrast medium is injected into any one of the superficial veins of 
the foot. With the tourniquet applied, the larger foot veins are filled 
first, after which the contrast medium passes up through the posterior 
tibial vein as well as through a practically regularly occurring anastomosis, 
2 to 3 fingerbreadths above the ankle, into the fibular vein. Being fairly 
superficial in the region of the ankle the anterior tibial veins are often 
compressed by the tourniquet and therefore not usually outlined. 

After the injection of about 10 ml of medium the first film is taken. 
Communicating veins (if incompetent) in the distal segment of the lower 
leg are visualized (Fig. 6). Three a. p. films are then obtained with 
slightly increasing outward rotation of the leg so as to show communica- 
ting veins from the posterior tibial vein. Before lateral films are taken, 
another 10 ml of the medium are injected, after which the patient is re- 
quested to move the foot 2 or 3 times energetically (to contract the 
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Fig. 6 Fig. 7 a—e 
Fig. 6. Ascending phlebography, vertical. Tourniquet round ankle. Severely dilated 
incompetent communicating vein medially from posterior tibial vein at level of lower 
entry of soleus veins. Normal valves in posterior tibial vein (—). 
Fig. 7. a) A. p. b) and c) Lateral (stereoscopic) views. Contrast filling only of deep veins 
and soleus veins in patient with competent communicating veins and with correct 
constriction at ankle. Posterior tibial vein (—-). Soleus veins (>>) at two levels. 


soleus muscle). The calf muscles are also gently stroked distally, to milk 
the medium down into the venous arches in the soleus muscle (Fig. 7 b— 
c). It is then possible to judge the draining capacity of the veins (after 
further exercise of the foot). In the presence of hemodynamic disturb- 
ances or incompetence of the communicating or perforating veins, 
the medium may persist for a long time in the muscle veins and in- 
competent communicating veins. 

It should be observed that if the communicating veins in the lower 
leg are competent and the tourniquet encircles the lower leg just tightly 
enough to occlude the superficial veins but not the deep venous system, 
only the deep veins and the veins in the soleus muscle will be filled. 
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The venous arches in the soleus muscle drain directly into the deep 
posterior veins above and below. In Fig. 7 the veins in the gastrocnemius 
muscle are not filled because they communicate only with the sub- 
cutaneous veins below, these not being contrast filled because of the 
effect of the tourniquet. This is why the tourniquet should be removed 
as soon as the first films have been taken (during the injection of the 
last portion of the contrast medium). As the superficial veins of the lower 
leg will then be filled, it is possible to obtain filling also of the veins in 
the gastrocnemius muscle. In pronounced venous insufficienc y, however, 
this is hardly ever possible, because of the distal flow in the muscle 
veins: the veins in the gastrocnemius muscle should then be examined 
by a special modification described in the next section. 

Unlike Baver, LOrsrepr & Grerrz, the writer does not use an elastic 
bandage because its effect on the communicating veins and muscle veins 
makes it impossible to judge their condition. 


Ill. Injection of contrast medium into a lower leg varie with the pa- 
tient in the supine position and compression of the superficial veins above 
the knee. 

This method is applied 

1) when it is not possible to inject the contrast medium into a foot 
vein, and 

2) for selective investigation of the veins of the gastrocnemius muscle. 

A tourniquet is placed round the thigh. With the patient supine the 
contrast medium then flows into the deep veins, even through incompe- 
tent communicating or perforating veins. If the contrast medium is 
injected slowly, the entire amount may enter the nearest communicating 
veins and flow up through the deep veins (Fig. 8). In order to obtain a 
filling of the superficial veins and thereby also of other communicating 
or perforating veins within a larger region, the contrast medium should 
be injected fairly rapidly. Venipuncture is done with a large bore needle 
(at least 1 mm) with the patient sitting on the edge of the table. When 
the needle has been passed into the varix, blood is allowed to flow out 
onto a compress while the patient is placed in the supine position, the leg 
being supported by the examiner; the escape of blood then usually almost 
ceases. The needle is connected to the syringe with a short tube, which 
is fastened to the skin, and physiologic saline injected. A pad under the 
distal part of the thigh will lift up the calf and prevent compression of 
the veins of the calf against the table, as pointed out by Frrmann-DaHL 
(1947). Eight (8) to 10 ml of contrast medium are injec ‘ted, and the first 
film taken with the leg rotated 45 degrees outwards. The patient is then 
instructed to extend and flex the foot 2 to 3 times energetically in order 
to pump the contrast medium into the muscle veins. Films are obtained 
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Fig. 8 Fig. 9 Fig. 10 


Fig. 8. Injection of contrast medium into varix with patient supine and constriction 

above knee. As puncture not precise, injection made slowly; most of contrast medium 

flowed inwardly through two adjacent dilated communicating veins («—) into posterior 

tibial vein (+--+); it then filled a varicose venous arch (<+) in upper part of the soleus 

muscle emptying proximally into the fibular vein. Contrast gravitates out into dilated 

valveless perforating vein (X) emptying laterally and therefore most dependent on 
outward rotation of leg. 


Fig. . Normal. Selective filling of veins in gastrocnemius muscle. Subcutaneous varices 
in initial stage in medial part of calf. Somewhat dilated perforating veins at —.. Filling 
of part of short saphenous vein (<—~) and veins between it and muscle veins. 
Gastrocnemius veins enter above a valve in popliteal vein. 


Fig. 10. Injection needle X. Varicose vein in medial part of the gastrocnemius muscle 

(<) perforates fascia at XX. Laterally, veins in this muscle practically normal (<—~). 

Short saphenous vein (««) markedly dilated in upper third of leg where it runs 
subfascially; distally it is double in this case. 
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of the leg in different positions of rotation; the film in outward rotation 
is the most important as it gives the best projections of the veins in the 
belly of the medial gastrocnemius muscle and the communicating veins 
entering the lower arch of the soleus muscle veins. 

If mainly the veins in the gastrocnemius muscle are to be examined, 
the contrast medium is deposited into a varix at a higher level in the 
posteromedial part of the lower pole of the gastrocnemius muscle (Fig. 9). 
If the varices are large, they should be compressed manually before the 
last films are obtained, in order to ensure that the contrast medium flows 
into the muscle veins. The last films are taken of the thigh veins immedi- 
ately after release of the tourniquet, during which the patient is instructed 
to strain in order to delay the flow of the contrast medium from the 
thigh veins and to demonstrate the valves, if any, more distinctly. 

With this method it is, as a rule, also possible to form a clear idea of 
the condition of the short saphenous vein (Fig. 10). 

When the contrast medium is injected into varices of the lower leg 
the patient is preferably examined in the supine position. Energetic 
movement of the foot immediately after the injection probably improves 
the intermixture of the contrast medium and blood. As the concentration 
of the contrast medium is nevertheless highest along the lower walls of 
the veins, the valves in the muscle veins are distinctly depicted, which 
is seldom the case in phlebograms of the vertical leg. Further, if the 
patient is examined in the standing position after puncture of a varix, 
contrast medium is liable to extravasate because the pressure in the vein 
is then high and the wall of a varix thin and flabby. The inelastic wall 
makes it necessary to use a large bore needle with a straight cutting edge 
to prevent extravasation. 


LV. Percutaneous puncture of the popliteal vein. This method may be used 
in the investigation of cases in which filling of the deep veins in the upper 
half of the lower leg, the popliteal vein, or the femoral vein, cannot be 
obtained by the other methods. If by the usual ascending method (II) only 
the long and short saphenous veins are filled in the lower leg, this does 
not as a rule indicate that the deep veins are occluded, but is due to 
the fact that the latter offer more resistance to the inflow of contrast me- 
dium than the superficial. If the deep veins are to be examined the con- 
trast medium must be injected directly into the deep venous system. 

Under local anesthesia, the needle is introduced into the popliteal 
vein with the patient prone. In most patients arterial pulsations cannot 
be felt in this region, but as a rule puncture offers no difficulties. The vein 
may sometimes be distended by slight straining. After the blood has 
begun to flow, the needle is connec ted to a tube and syringe. The position 
of the needle is checked by injection of physiologic saline and by suction. 
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Fig. 11. a) Marked post-thrombotic narrowing of iliac vein. No distal flow despite 
straining. Filling of varices in pubic region. b) (Same patient.) Injection after percutaneous 
puncture of popliteal vein. This vein and femoral vein narrow and uneven. Anastomoses 
(—) with deep femoral vein. No filling of femoral vein above anastomosis. No filling 
obtained of deep veins by ordinary ascending phlebography. c) Lateral. Retrograde 
filling of valveless vein in gastrocnemius muscle («—~ ). Anastomosis with short saphenous 
vein at X. Contrast filling ends at valves (<—« ) of anterior tibial vein. usually not affected 
by thrombosis. 


The first film is obtained after the injection of 5 to 6 ml of contrast 
medium, preferably during its performance, and followed by films at 
various angles. Some films are taken during mild straining in order to 
demonstrate the valves, if any. Straining may cause retrograde filling of 
the deep veins in the lower leg and any pathologic communicating veins. 
If the patient does not strain, the contrast medium will be rapidly 
drained, especially if the veins are of the narrow irregular type (Fig. 11). 
In such veins the blood appears to flow fairly rapidly. As the injection 
pressure exerts its effect directly in the deep veins, the contrast medium 
mixes well with the blood and the vessels are distinctly delineated despite 
the fact that the patient is recumbent. 

In about 1 case in 6, percutaneous puncture of the popliteal vein 
failed. In these cases, however, the number of attempts was limited in 
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Fig. 12. a) Transmedullar injection of contrast medium into tuberosity of M. 5. Medium 

drained off mainly by posterior tibial vein (dilated). b) About 20 sec. later fair filling 

obtained of deep veins of lower leg and of a medial and a lateral markedly incompetent 
communicating vein. 


order to avoid undue injury to the popliteal fossa; there were never 
signs of acute thrombosis in the leg following the examination. 


V. Transosseous phlebography. Phlebography with the injection of the 
contrast medium into the spongiosa (DRASNAR, Dimtza, DucuING) was 
tried in 15 cases of the present material. The method involves certain 
risks and is often unnecessary, it practically always being possible to 
inject the contrast medium into a suitable vein in venous insufficiency. 
Injection into the marrow cavity is painful, the pain being felt along the 
entire length of the bone injected. If, however, the method should for 
some reason or other be used, the contrast medium should preferably be 
deposited in the tuberosity of the fifth metatarsal bone (Fig. 12). The 
bone and surrounding tissue should be anesthetised by the subcutaneous 
injection of, for example, xylocain 1 %. A sternal puncture needle is 
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introduced through the cortex of the tuberosity and by means of a collar 
fixed about 10 mm from the tip of the needle, the skin is pressed hard 
against the periosteum. This prevents paraosseal spillage. If the tip of 
the needle is in the marrow cavity, the injection of the contrast medium 
requires little pressure. Xylocain should not be injected into the marrow 
cavity, because this would be practically the same as injecting it intra- 
venously. As a rule the contrast medium flows trom the fifth metatarsal 
bone directly through the posterior tibial vein. The rest of the examina- 
tion may therefore be performed as described under II. 


Comments 


Unlike the flow of blood in the arteries, that in the veins is irregular, 
rendering cassette changers and other automatic arrangements of little 
value in phlebography. As a rule, every phlebogram requires readjust- 
ment of the apparatus and the projection. The examiner must be well 
versed in the method. An experienced examiner can inject the contrast 
medium into almost any vein, superficial or deep, and control its flow 
with the help of tourniquets, postural changes, and co-operation of the 
patient (straining). It was nevertheless considered useful to draw atten- 
tion to the methods described because of the special information they 
yield. 


SUMMARY 


A multi-stage technique performed in more than 1,200 phlebographic examinations 
of 652 legs (509 cases) is described. It is stressed that investigation of venous insufficiency 
of the lower limb should always include percutaneous femoral phlebography with the 
patient straining during the injection of the contrast medium. 


ZUSAMMENFASSUNG 
Eine Mehrphasentechnik, die bei 1,200 phlebographischen Untersuchungen an 
652 Beinen (509 Fiillen) ausgearbeitet worden ist. wird beschrieben. Es wird stark betont, 
dass die perkutane femorale Phlebographie stets in die Untersuchung der venésen In- 
suffizienz der unteren Extremitiit einbegriffen werden sollte: hierbei muss der Patient 
wihrend der Injektion des Kontrastmittels pressen. 


RESUME 


L’auteur décrit une technique en plusieurs temps utilisée dans 1,200 examens philébo- 
graphiques de 652 membres inférieurs (509 cas). Il insiste sur le fait que la recherche de 
l'insuffisance veineuse du membre inférieur devrait toujours comporter une phlébo- 
graphie fémorale percutanée, le malade faisant effort pendant Vinjection du produit 
de contraste. 
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR: PROF. K. LINDBLOM), 
KAROLINSKA SJUKHUSET, STOCKHOLM, SWEDEN 


SOME STUDIES ON PRIMARY AND SECONDARY 
RADIATION AND ON SECONDARY SCREENING 
IN DIAGNOSTICS UP TO 200 kV 


by 
Ove Mattsson 


This investigation, which was carried out with a roentgen tube in- 
tended exclusively for diagnostic work up to 200 kV, has been performed 
in order to obtain information on certain essential problems arising in 
the new, increasingly used, voltage region between 100 kV and 200 kV. 

Experimental arrangements. The experiments were carried out with 
a constant tube —film distance of 140 em. The beam was limited, approxi- 
mately to the desired width, by a primary diaphragm on the tube, and 
also by a lead plate 4 mm in thickness provided with a round hole and 
situated close to the object. The irradiated field formed a circular surface 
20 cm in diameter, the area thus being about 314 cm*. This field 
size may be considered to represent one employed in examinations such 
as of certain abdominal organs, e.g. stomach, gallbladder, etc., or of 
skeletal parts such as the lumbar spine. Since it was desired in the first 
place to obtain relative figures correlated to variation in kilovoltage, the 
same field size and phantom were used throughout. 

The phantom consisted of a water layer 15 em in thickness. It was 
obtained by placing a bag of thin polyethylene, filled with water, between 
thin stiff cardboard sheets. The cassette with the film was located 50 mm 
from the back wall of the phantom. This distance, which corresponds 
to the one usually obtained with Potter devices and ordinary radio- 
graphic objects, was chosen with a view to the thickness of the experi- 
mental grid arrangement employed. The distance was the same whether 
a grid was used or not. The same cassette was employed throughout 
the experiments and was provided with Patterson Parspeed Screens. 


Submitted for publication 14 April 1956. 
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The roentgen tube was of a new diagnostic type with rotating anode, 
suitable for kilovoltages up to 200 and with possibilities of choosj 
foci of diameters down to 0.5 mm (MULLER ROH 5/30). It was supplied 
with current from a six-valve apparatus. Compensating capacitors were 
used which gave a good constancy of potential. The inherent filtration 
corresponded to about 2 mm of Al. 


A model grid for studying grid junction. In order to obtain a concep- 
tion of the screening of secondary radiation with grids conditioned by 
factors of solid geometry a special experimental model has been designed, 
By means of this experimental apparatus it is possible to study the purely 
geometrical action of different kinds of grids especially with respect to 
the assessment of the difference between cross-grids and _ single grids, 
The model has been developed as a highly enlarged simplified grid system, 
and since the properties produced by solid geometry factors can be 
reproduced on a large scale this method has been found to be very useful. 
The interspaces between the grid bars give picture areas large enough 
easily to be studied with a suitable densitometer. 

After a series of experiments with a number of heavy bars — some 40, 
placed parallel and crosswise, were used — it was found that the function 
of secondary screening could be assessed just as well with single spaces, 
Hence, the function of the individual grid element could be considered 
to be representative of a whole grid system with the same data as the 
component units. For this reason the main series of investigations were 
performed with the use of solitary spaces enclosed by heavy rod-like 
elements. The latter consisted of lead with a core of iron and were 
produced by covering iron bars with several layers of thin lead: the 
total thickness of lead amounted to more than 4 mm. The elements 
could be considered to be practically opaque to primary and secondary 
radiation even at the highest kilovoltages, this also being verified experi- 
mentally. By accuracy in production, the dimensions remained constant 
and the surfaces true to within about a tenth of a millimeter. By varying 
the distance between the radiopaque elements or placing them crosswise, 
it was possible to obtain different ratios with both single and crossed grids. 
The total thickness of the model grid was 50 mm and it filled the space 
between the object and the cassette. 

Since, owing to their dimensions and lead content, the elements bor- 
dering the spaces are radiopaque, the disturbing influences on grid fune- 
tion, caused by the passage of radiation through grid elements, are elimina- 
ted. These influences are present in different degrees with all grids of 
ordinary small dimensions. With some approximation it may be said 
that in the present experiments an assessment is made of the screening of 
secondary radiation obtained by a narrow space (‘single grid’) and a tube- 
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like opening with square-shaped cross section (‘cross-grid’) in which the 
relations between dimensions equal certain ratios. 

The variation in ratio was obtained by altering the number of card- 
poard sheets placed between the radiopaque elements. Almost any 
yariation could be produced, but values between 5:1 and 15:1 were used 
in these experiments. 

In the following, ‘grid’ therefore refers to grid-resembling space 
systems with ideally radiopaque walls. 


Photographic technique. All experiments were carried out with film 
in combination with screens. All the films had the same emulsion number 
and were developed in a similar manner under standardized conditions 
in a special developing solution for a given time with constant agitation, 
the temperature being thermostatically controlled. A gamma value up 
to 3.1 was obtained with a developing time of 4.5 min. In parallel with 
each series of experimental films processed, reference films were devel- 
oped and from the latter density curves were drawn from which the 
densitometric readings could be translated into intensities. A trans- 
mission densitometer with a photoelectric tube was used. It was es- 
pecially suited for roentgen film and manufactured by Baldwin, England. 
Special arrangements were made to maintain a constant operating volt- 
age. 

- All measurements of the photographic material were carried out in 
an area corresponding to the approx. centre of the beam, and in the 
grid model experiments the spaces were placed so that the central parts of 
the beam were utilized. Fluoroscopic control was carried out if necessary. 


Experimental results. The increase in kilovoltage makes reduced 
exposure and smaller patient dose possible and is a prerequisite for the 
use of minimum focal sizes. The relative photographic effect obtained with 
different kilovoltages seems to be of very great interest. Diagram 1 
gives a comparison between the photographic effect at different kilo- 
voltages, using the described phantom and field size. The curves were 
calculated by inversion of the mAs values required for D= 1.0. The 
upper curve represents the total radiation, the lower the primary radia- 
tion only. The latter was obtained by subtracting the secondary radia- 
tion from the total radiation. No grid was used. 

The secondary radiation was determined by introducing a small lead 
dise in front of the phantom. The dise was 4 mm in thickness and about 
20 mm in diameter. Its shadow on the film constituted the area used for 
measuring the density produced by the secondary radiation. 

The diagram shows that the gain in photographic effect with an 
increase in kilovoltage is considerable. Between 100 and 200 kV the 
gain is about tenfold. Several authors have suggested a relation between 
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Photographic effect (rel. figures) %o 
30 100 
80 
| 
200 ° 
60 
| 
40 
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LZ 20 
100 #120 40 «#39160 180 200 kv 100 120 140 160 180 200 ky 
Diagram 1. Relative photographic effect Diagram 2. Secondary radiation as a 
at different kilovoltages. No grid. Curve percentage of total radiation at different 
I corresponds to total radiation, Curve kilovoltages. No grid. 


Il to primary radiation only. (D = 1.0.) 


the photographic effect of radiation and a given power of the kilovoltage 
value used. [t may be expressed by the formula: E = mAs x kV" = const. 
The dimension and density of the object plays an important part here. 
Such values for exponents of the relation between exposure intensities at 
different kilovoltages have been presented by Proririicu (1930), WEBER 
and Russo (1931), v. Disk (1951), and BrerMan and Bo.LpincK (1951), 
and others. These data mainly refer to kilovoltages below 100. Values 
between 3 and 5 are usually given, depending on the object; for cor- 
responding kilovoltages the present writer obtained similar values 
(Mattsson 1955). As has been shown by Nemet, Cox and HILts (1953) 
the value is highly dependent on the thickness of the phantom. These 
authors thus report values just below 3 and about 4 for water phan- 
toms, 4 and 8 inches in thickness, respectively, at kilovoltages up to 
125. 

The results presented here show that between 150 and 200 kV, the 
exponent, when total radiation is concerned, should be about 3. With 
primary radiation alone, a slightly lower value, probably falling just 
below 3, will be obtained. This divergence between total and primary radia- 
tion agrees with observations made by Nemet, Cox and HILts (1953). 

Since the total amount of radiation and the amount of primary 
radiation show fairly similar variation, the difference between them, 
that is, the part of radiation consisting of secondary rays, will be insignifi- 
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cantly changed despite the variation in voltage. These facts are further 
illustrated in Diagram 2 in which the relative amount of secondary 
radiation is re lated to the kilovoltage under present experimental condi- 
tions. The curve in the diagram only shows an insignificant increase 
with increase of kilovoltage. In these cases which are similar to those 
encountered in ordinary radiography, the secondary radiation amounts 
to between 60 and 70 °%. These values agree well with figures given by 
Nemet, Cox and HiLus (1953) with a similar phantom and field size 
for voltage regions which are common to the two studies. These authors 
have not gone above 125 kV. It will be seen from their diagrams that 
with relatively moderate field sizes the difference is fairly insignificant, 
for instance between 60 and 125 kV, but that there is a moderate increase 
with larger fields. 

By aid of the adjustable model grid, investigations were also carried 
out with a space corresponding to a grid of ratio 5:1, to find out whether 
the amount of secondary radiation in proportion to total radiation trans- 
mitted by the grid showed any variation with voltage. In these experi- 
ments, as in the previous one, secondary radiation was measured on the 
shadow area of the small lead dise situated in front of the phantom, the 
total radiation being measured around this area. The position of the 
grid model and the ‘Jead disc was correctly adjusted in relation to the 
beam under fluoroscopic control. The values obtained are presented in 
Diagram 3, in which the relative amount of secondary radiation is correla- 
ted to the kilovoltage. It will be seen that there is hardly any significant 
variation with voltage and that the proportion of sec condary rays has 
been considerably reduced compared with Diagram 2. 

The use of a grid-like space device as the one discussed will markedly 
shadow that volume of the scattering body, which, for each element of 
the film, can produce secondary radiation fog. One may compare this 
effect with that of primary screening, which directly reduces the volume 
of the scattering body. The observations made by NeEmet, Cox and 
Hits (1953) concerning field size and amount of sec ondary rays indicate 
that with smaller field size the variation in secondary radiation with 
voltage will be less and less marked. The present observations are thus 
in good agreement with the results obtained by these authors in the case 
of lower voltages. 

The mAs value required for a certain constant film density has also 
been measured and is presented in Diagram 4; values are shown for both 
the total radiation and the primary radiation only, and the curves refer 
to the use of the experimental grid model adjusted to the 5:1 ratio. 
Grids as a rule are used at the voltages under discussion. By carrying 
out the measurement with a grid and by also including values for primary 
radiation alone ordinary radiographic conditions can be more clearly 
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100 120 140 «#160 180 200 kv 
Diagram 3. Secondary radiation as a Diagram 4. m As-value required for a cer- 
percentage of total radiation passing tain constant film density (D 1.0 in each 
through an ideal grid space (ratio 5: 1) picture element produced by an ideal grid 

at different kilovoltages. space, ratio 5:1). Curve I = full radiation, 
Curve If = primary radiation only. 


illustrated. The values should be situated between the two curves with 
practically any grid employed. 

It should be noted that the measurements were carried out on pic- 
ture elements produced by the model grid and refer to a density of 
1.0. The true film density with, for instance, a moving grid, constitutes 
a value which in each individual case is determined by the width of the 
spaces in relation to the dimensions of the shadowing elements. For this 
relation the writer has earlier used the term ‘interspace factor’ (Marts- 
son 1955). It will be seen from the graphs that the exposures required 
at kilovoltages above 150 are of an order of magnitude of below 5 mAs 
and at 200 as low as | to 2 mAs. These figures are typical of the order of 
the exposures sufficient in the voltage regions under discussion. Such 
values were used by LinpBLom (1951) when, as a pioneer, he employed 
200 kV in practical! diagnostic work. 

The very small tube loads mentioned make it possible to use new 
focal dimensions of some few tenths of a millimeter in diameter and have 
introduced new time factors in exposure, in terms of thousandths of a 
second. 

In a special experimental series the effect of different grid systems on 
secondary radiation was tried. In this series parallel investigations were 
carried out with single and crossed grid systems, the ratio being varied 
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between 5:1 and 15:1. The variation was effected by changing the 
number of cardboard sheets between the radiopaque elements. These 
experiments were carried out at four kilovoltage levels ranging between 
100 and 200. The results obtained are shown in Diagram 5. It illustrates 
the relative intensity of secondary radiation passing through the grid 
at various ratios and voltage levels. The value for the total amount of 
unscreened secondary radiation is also shown. All the measurements 
were made in the centre of the beam. The grid-like space device is alw: ays 
of the same height, and crossed elements are obtained by dividing the 
height in two and placing one half crosswise. 

It will be seen from the graphs that the screening of secondary radiation 
increases considerably with increased ratio. Hence, an increase in ratio 
from 5: 1 to 15:1 will cause a threefold increase in effectiveness of the 
grid. The most effective method of secondary screening is to use cross- 
grids. ‘Newer, Cox and Hints (1953) have made similar observations. 
BuCHHEIM (1952) also emphasized the value of cross-grids. With such 
grids an increase in ratio is of still greater importance to the effectiveness. 

The curves run a very similar course for all levels of kilovoltage. This 
is in accordance with what has been said before (Diagram 3), viz. that 
secondary radiation in the main does not alter its relative proportion to 
any noteworthy degree with a change in voltage. This applies to the 
relatively small volumes of the scattering body which may act on each 
picture element as a result of grid screening. 

In assessing these grid experiments consideration must be paid to 
the fact that the grid device used differs markedly from grids ordinarily 
employed. As has been mentioned earlier the experimental apparatus is 
only meant to demonstrate the effect of solid geometry factors in grids 
and may be considered to be too idealized. With ordinary thin lead 
bars of a grid system a considerable amount of penetrating secondary 
radiation is obtained, especially at the higher kilovoltages. The radio- 
transmission of the ordinary grid element has been dealt with by Lepry 
(1952) who pointed out the influence of wavelength on lead absorption. 
It must also be remembered that the grid bars eliminate part of the primary 
radiation. An increase in the thickness of the bars, which in itself would 
be desirable, results in greater loss of primary radiation and it is necessary 
to compromise. It should also be noted that cross- grids will naturally 
check primary radiation to a somewhat higher degree than single grids. 
The material situated between the bars will also play some role. 

The object of this investigation was to obtain a conception of the 
factors of solid geometry with grid systems. It will be seen from Dia- 
gram 5 as well as Diagram 3 that the effect of the grids is practically 
independent of voltage. A grid with an arbitrary ratio is thus about as 
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effective at 100 kV as at 200 kV provided only their solid geometry func- 
tion is considered as is the case here. The common observation that the 
effectiveness of grids decreases with increased voltage is explained by 
the fact that reduc ed screening is obtained since the lead bars become 
less radiopaque. As has been earlier pointed out by the writer (Marrs- 
son 1955) it is of great value if a detailed declaration, giving among 
other things the thic ‘kness of the les id, is supplied with every grid; a better 
correlation between grid data and radiographic result is ‘then possible. 

The observations which have been made also suggest that if, for some 
reason —- such as radiotransmuission of the lamellae —- less good secondary 
screening is obtained, greater attention should be given to the primary 
screening, Which reduces the volume of the scattering body in the most 
effective way. The use of small beams, such as for spot films, should then 
make up for imperfect grid function. By selective primary screening 
it should be possible to simplify the grid problems and utilize high- 
voltage technique more successfully; this fact is confirmed by practical 
trials in diagnostic work. 

The explanation of the marked difference between single and crossed 
grids in the screening of secondary rays should not cause surprise. When 
a single grid is employed, the secondary radiation acting on a certain 
point of a film may be considered to enter the space out of the scattering 
body from several different directions and to strike the film at varying 
angles. As soon as the grid system is divided and the elements are placed 
crosswise, the angles at which the rays can strike the film are very 
limited, and a very much smaller volume of the scattering body can be 
active. 


Conclusions 


It will be seen from the graphically presented measurements that a 
considerable gain in photographic effect is obtained with an increase 
in voltage and that, for instance, between 100 and 200 kV the gain 
is tentold when using an average object. Within the same voltage 
range no marked change in the proportion of secondary radiation takes 
place, at least not in the case of moderately large field sizes. The 
amount of secondary radiation is considerable and, with the phantom 
and field size used, is much larger than the amount of primary radiation. 
An experimental model grid for studying the effect of solid geometry 
factors on secondary screening shows that the se reening effectiveness is 
practically independent of voltage and that cross-grids are superior to 
single grid systems. Increase of ratio quickly improves grid effectiveness, 
espec ially with the former. 
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SUMMARY 


Investigations with phantoms and field sizes reproducing conditions in ordinary 
roentgenography have been carried out on the amount of secondary radiation and the 
mAs value required for a certain film density, at kilovoltages up to 200. A special ex- 
perimental model grid was used for assessing the effect of solid geometry factors on 
secondary screening. A marked increase in photographic effect occurs with the raising 
of the voltage; the proportion of secondary radiation is great (60 to 70°) but does not 
change to any considerable degree with variation in voltage. The effectiveness of grid 
spaces in the secondary screening is practically independent of voltage, but the ratio 
markediy influences the effectiveness especially with crossed elements; the latter give 
superior screening. 


ZUSAMMENFASSUNG 


Untersuchungen mit Phantomen und mit Feldgréssen, welche den Bedingungen 
bei den iiblichen Réntgenuntersnchungen entsprechen, sind iiber die Grisse der Sekun- 
dérstrahlung und den fiir eine bestimmte Filmschwiirzung notwendigen mAs-Wert 
bei Spannungen bis zu 200 kV durchgefiihrt worden. Ein spezielles Gittermodell wurde 
benutzt, um den Effekt zuverlissiger geometrischer Faktoren auf die Sekundirblendung 
festzustellen. Eine sehr deutliche Zunahme des photographischen Effektes tritt bei der 
Erhéhung der Spannung auf; der proportionelle Anteil der Sekundiirblendung ist gross 
(60 bis 70°.) aber er iindert sich nicht wesentlich mit der Spannung. Die Wirkung der 
Zwischenriume des Gitters bei der Sekundirblendung ist von der Spannung praktisch 
unabhiingig, aber die Proportion beeinflusst die Effektivitat merkbar, besonders bei 
gekreuzten Elementen. Die letzteren geben iiberlegene Abblendung. 


RESUME 


L’auteur a effectué, avec des fantomes et des dimensions de champ reproduisant les 
conditions de la radiographie ordinaire des recherches sur la quantité de rayonnement 
secondaire et le nombre de mAs nécessaire pour une certaine densité du film, a des 
tensions allant jusqu’A 200 kV. Il a utilisé un modéle expérimental spécial de grille 
pour déterminer leffet des facteurs géométriques dans [espace sur l’anti-diffusion 
secondaire. L’augmentation du voltage accroit de fagon trés marquée leffet photo- 
graphique; la proportion de rayonnement secondaire est grande (60 4 70°.) mais ne varie 
pas de fagon considérable avec le voltage. L’efficacité des intervalles dans l'anti-diffuseur 
secondaire est pratiquement indépendante du voltage, mais le rapport influe de fagon 
importante sur l'efficacité, en particulier avec les grilles croisées; celles-ci donnent une 
anti-diffusion supérieure. 
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BOOK REVIEWS 


Lune Function 1x Coatworkers’ PNeumocontosis. By J. C. Gilson and P. Hugh- 
Jones. Issued by the Medical Research Council, Special report series No. 290, Lon- 
don: Her Majesty's Stationery Office 1955. £1. Is Od Net. 


The title makes no appeal to radiologists but the book is nevertheless of the greatest 
interest also for them, particularly to those engaged in the field of pneumoconiosis. In 
an extensive survey of the literature on the lung function in pneumoconiosis, the authors 
arrive at the conclusions that neither the cause of the breathlessness nor the relation 
of its severity to the radiographic appearances has been properly established. Particularly 
striking is the absence of balance between the carefulness with which the physiological 
measurements have been performed and the lack of precision in the description of the 
radiologic findings. The classification in three stages adopted internationally in 1930 is not 
sufficiently detailed to correspond to the successive changes in the function of the lungs. 

The authors had made a study with the double aim to determine: 

1) ‘the nature of the disturbance of lung function in miners with pneumoconiosis 
and its relation to age and the radiological severity of the disease’. 

2) ‘the interrelation of a group of lung-function tests .. 


Only the first mentioned point will be discussed here. The chest roentgenograms are 
classified according to the system used at the Medical Research Council, Pneumoconiosis 
Research Unit. This system was described by Fletcher et coll. in 1949, and comprises 
two main groups of pneumoconiosis: ‘simple pneumoconiosis’ and ‘complicated pneumo- 
coniosis’. Each one of these are subdivided into four categories of increasing abnormality. 
Essentially, this basis of division was accepted and adopted as international classification 
at the International Conference in Sydney in 1950. As such it has the disadvantage, in the 
reviewer's opinion, of not being applicable everywhere. The divisions ‘simple’ and 
‘complicated’ silicosis are rational, but the subgroups of these two main divisions are 
so detailed that various kinds of pneumoconiosis, with different radiologic appearances, 
do not all fit into the pattern. It would seem as if the team working with pneumoconiosis 
in South Wales hold the view that the differences in radiologic appearance of the varieties o 
pneumoconiosis are negligible, which however is not in agreement with the reviewer's 
experience. In Sweden alone, which is a small country, there are so many varieties that a 
generally adaptable classification in 8 stages is not possible. Only the main divisions 
into simple and complicated silicosis can be applied, but this provides only a rough estimate 
of the disturbances in the function of the lungs. Just as in Wales, we have in Sweden 
found that a more detailed classification is necessary for obtaining a reliable correlation 
between the radiologic appearances and the function of the lungs. Such a classification, 
however, needs to be worked out separately for each industry and working place; it cannot 
be used over the whole country, and much less on an international scale. This is also 
recognised by the authors in the Chapter called ‘Criticism of results’. First, they state 
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that ‘there is no reason to suppose that the relationship of the radiological appearances 
to disability would be grossly different elsewhere unless the X-ray change were related 
to age in a very different manner’. Later, however, they point out that this assumption 
is subject to important limitations and that it is not necessarily valid for types of pneu- 
moconiosis other than that in coalworkers, for example pure silicosis, siderosis, ete. 

Yet, the classification used is suitable for the authors’ purposes. Their study is 
based on 40 normal subjects and 118 miners between the ages of 23 and 60 years. In 
addition, a number of working miners with no radiographic pneumoconiosis were exa- 
mined. The authors found that, in general, the relation between the degree of exertional 
dyspnoea and the radiographic appearance is close if, but only i/, age is taken into account. 
Simple pneumoconiosis has a relatively small effect, but does accentuate the exertional 
breathlessness which normally comes on with age. 

Cardiac abnormality occurs in advanced complicated pneumoconiosis and is detected 
by fluoroscopy and specific electrocardiographie changes. In the reviewer's, opinion, the 
possibility to determine, with the aid of fluoroscopy, changes in the right outflow tract 
in cor pulmonale should be judged with great scepticism. The authors state that: ‘Par- 
ticular attention was given to detection of prominence of the right ventricular outflow 
tract’. The question arises as to what kind of anatomical change would cause such a 
prominence. lsolated hypertrophy of the outflow tract does not occur, but the right 
ventricle is instead subject to hypertrophy, and the infundibulum even to a smaller 
extent than the ventricular sinus. Nor does regional dilatation of the outflow tract occur. 
It seems probable that it is the dilated proximal part of the pulmonary artery, which the 
authors interpret as the outflow tract of the right ventricle. In fact, all experiences so far 
seem to indicate that in the diagnosis of cor pulmonale radiology can offer but little 
help. 

Pulmonary emphysema is the object of an exceptionally lucid treatment in this book. 
The conclusion derived is that agreement between the clinical, radiologic, physiologic and 
pathologic diagnoses may be reached only in the most advanced stages. 

The larger part of the book deals with the physiology of the lungs, while the objective 
of this review has been only to offer some radiologic viewpoints. The authors have achieved 
an important standard work which may be warmly recommended. 


Gunnar Jénsson. 


ELECTROKYMOGRAPHY WITH SpeECIAL REFERENCE TO VALVULAR PULMONARY AND IN- 
FUNDIBULAR STENOsIs. By Ulf Rudhe. 205 pp. 108 fig. Acta radiol. Suppl. 154. 
Stockholm 1956. Sw. Kr. 30: 


The author has studied those forms of congenital heart disease in which the essential 
or only abnormality consists of valvular pulmonary stenosis or stenosis of the outflow 
tract of the right ventricle by means of electrokymography. The object was both to 
ascertain the diagnostic value of an analysis of the shape of the pulsations with the method 
in question and to determine the physiologic basis of the changes observed in the electro- 
kymogram (EKyG). The case material comprised 58 cases of valvular and 36 cases of 
infundibular stenosis, as well as one of supravalvular stenosis. In most of the cases, the 
diagnosis was based on cardiac catheterization and selective angiocardiography in addi- 
tion to the customary clinical and roentgenologic examinations. 

The properties of the different apparatuses used are described. An account is then 
given of the pattern of the normal electrokymogram, recorded under various physiologic 
conditions, over the pulmonary artery, infundibulum of the right ventricle, and right 
atrium. The curves are analyzed from the simultaneously recorded electrocardiogram, 
phonocardiogram and, in some cases, the intracardiac or intra-arterial pressure course. 
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The same methods were used in the pathologic cases. It was shown that in all except 
the mildest cases of valvular stenosis characteristic changes of such a nature as also to 
permit an estimation of the degree of severity of the stenosis were present in the pulmonary 
artery EKyG. The dependence of the pattern of the curves on the haemodynamic changes 
is discussed in detail. 

The right atrial EKyGs were found to be abnormal in severe stenosis and in some 
cases of moderate stenosis, whereas the infundibular EKyGs had a normal appearance, 

Typical changes were also recorded in infundibular stenosis in the pulmonary artery 
EKyGs although they differed in nature to those in valvular stenosis. As in the latter, 
the pattern of the curves varied according to the segment of the pulmonary artery, over 
which the recording was made, but was independent of the degree of stenosis. — 

The right atrial EKyGs were abnormal chiefly in cases of severe stenosis. As in the 
valvular stenosis, this was interpreted as an indication of an impediment to atrial empt- 
ying due to hypertrophy of the right ventricle. 

In 8 cases, pathologic changes were recorded in the infundibular EKyGs. They 
could be ascribed, partly from the findings in the angiocardiograms, to abnormal move- 
ments of the ventricular wall above the stenosis. 


Autoreview. 
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